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PREFACE 


THE present work is the outcome of the author’s more 
extended text entitled the ‘‘ Theory of Engineering Drawing.” 
In this, the writer saw fit to approach what is now commonly 
known as Descriptive Geometry, from the viewpoint of drawing. 
To do this, the principles of projection drawing, which have 
parallel projecting lines, had to be developed as preliminary 
to the consideration of Descriptive Geometry proper. The first 
section of the ‘‘ Theory of Engineering Drawing” is devoted to 
this task. 

It seemed, to the author, that this first section might be a 
suitable text for the courses in high schools; for draftsmen who 
wish to become familiar with the rapid methods of drawing; 
and for the general reader who desires to acquaint himself with 
the exceedingly useful subject of drawing. To fill this threefold 
service, the present edition has been published. 

One can easily imagine the importance of drawing in everyday 
life. Any reference to a material object means a mental image 
of some form. To transmit this image to others, a drawing 
is the most practical method. Thus, the subject is not only of 
importance to the engineer, the builder, or the mechanic, but 
also to every thinking being, for whom its possession becomes 
a valuable asset. 

The human mind holds a rather limited number of facts. 
When these are associated, classification and differentiation 
begin at once, a science of the particular subject is evolved, © 
and the logical processes of reasoning are exercised. Thus, in 
this work, the author has presented fundamental principles 
rather than methods. Methods frequently make short cuts to 
quick applications, but they are detrimental to mental develop- 
ment and act as dead weight on the memory. 

Interest in any subject is aroused when the reader feels that 
he is making progress. The examples at the end of the chapters 
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cover the subject quite completely and in their solution, the 
test of such progress may be made by each individual student. 
Thus, he is immediately enabled to apply the principles he 
has learned and his success in so doing will quicken his inter- 
est and lead to a desire for a more advanced knowledge of 
the subject. 

The author acknowledges his indebtedness to his colleague, 
Ernest J. Streubel, M.A., for his interest in preparing and in 
reading proofs. The publishers, also, deserve particular com- 
mendation for the excellent workmanship manifested throughout 
these pages. 


Potytrecsnic Instirute oF BROOKLYN, 
May, 1912. 
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PRINCIPLES 


OF 


PARALLEL PROJECTING-LINE DRAWING 


CHAPTER I 
INTRODUCTORY 


101. Nature of drawing. Drawing has for its purpose the 
exact graphic representation of objects in space. The first 
essential is to have an idea, and then a desire to express it. Ideas 
may be expressed in words, in pictures, or in a combination of 
both words and pictures. If words alone are sufficient to express 
the idea, then language becomes the vehicle of its transmission. 
When the idea relates to some material object, however, a drawing 
alone, without additional information may satisfy its accurate 
conveyance. Further, some special cases require for their expres- 
sion a combination of both language and drawing. 

Consider, for purposes of illustration, a maple block, 2 inches 
thick, 4 inches wide and 12 inches long. It is easy to conceive this 
block of wood, and the mere statement, alone, specifies the object 
more or less completely. On the other hand, the modern news- 
paper printing press can not be completely described by language 
alone. Anyone who has ever seen such a press in operation, 
would soon realize that the intricate mechanism could not be 
described in words, so as to make it intelligible to another without 
the use of a drawing. Even if a drawing is employed in this 
latter case, the desired idea may not be adequately presented, 
since a circular shaft is drawn in exactly the same way, whether 
it be made of wood, brass, or steel. Appended notes, in such 
cases, inform the constructor of the material to use. From 
the foregoing, it is evident, that drawing cannot become a uni- 
versal language in engineering, unless the appended descriptions 
and specifications have the same meaning to all. 
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102. Science and art of drawing. Drawing is both a science 
and an art. The science affects such matters as the proper 
arrangement of views and the manner of their presentation. 
Those who are familiar with the mode of representation used, 
will obtain the idea the maker desired to express. It is a science, 
because the facts can be assimilated, classified, and presented 
in a more or less logical order. In this book, the science of 
drawing will engage most of the attention; only such of the 
artistic side is included as adds to the ease of the interpretation 
of the drawing. 

The art lies in the skilful application of the scientific prin- 
ciples involved to a definite purpose. It embraces such topics 
as the thickness or weight of lines, whether the outline alone is 
to be drawn, or whether the object is to be colored and shaded 
so as to give it the same appearance that it has in nature. 


103. Magnitude of objects. Objects visible to the eye are, 
of necessity, solids, and therefore require the three principal 
dimensions to indicate their magnitude—length, breadth, and 
thickness. If the observer places himself in the proper position 
while viewing an object before him, the object impresses itself 
on him as a whole, and a mental estimate is made from the one 
position of the observer as to its form and magnitude. Naturally, 
the first task will be to represent an object in a single view, show- 
ing it in three dimensions, as a solid. 


104. Commercial application of drawing. It must be 
remembered that the function of drawing is graphically to 
present an idea on a flat surface—like a sheet of paper for 
instance—so as to take the place of the object in space. The 
reader’s imagination supplies such deficiency as is caused by the 
absence of the actual object. It is, therefore, necessary to 
study the various underlying principles of drawing, and, then, 
apply them as daily experience dictates to be the most direct 
and accurate way of their presentation. In any case, only one 
interpretation of a drawing should be possible, and if there is 
a possibility of ambiguity arising, then a note should be made 
on the drawing calling attention to the desired interpretation. 
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QUESTIONS ON CHAPTER I 


. In what ways may ideas be transmitted to others? 

. What topics are embraced in the science of drawing? 

. What topics are included in the art of drawing? 

. How many principal dimensions are required to express the magni- 


tude of objects? What are they? 


. What is the function of drawing? 
. Is the reader’s imagination called upon when interpreting a drawing? 


Why? 


CHAPTER II 
OBLIQUE PROJECTION 


201. Nature of oblique projection. Suppose it is desired 
to draw a box, 6” wide, 12’ long and 4’’ high, made of wood 
3” thick. Fig. 1 shows this drawn in oblique projection. The 
method of making the drawing will first be shown and then 
the theory on which it is based will be developed. A rectangle 
abcd, 4’’X6’’, is laid out, the 6” side being horizontal and the 
4” side being vertical. From three corners of the rectangle, 
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lines ae, bf, and cg are drawn, making, in this case, an angle of 
30° with the horizontal. The length 12” is laid off on an 
inclined line, as cg. The extreme limiting lines of the box are 
then fixed by the addition of two lines ef (horizontal) and fg 
(vertical). The thickness of the wood is represented, and the 
dimensions showing that it is 3”’ thick indicate the direction 
in which they are laid off. The reason for the presence 
of such other additional lines, is that they show the actual 
construction. 

The sloping lines in Fig. 1 could be drawn at any angle other 
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than 30°. In Fig. 2, the same box is drawn with a 60° inclina- 
tion. It will be seen, in this latter case, that the inside bottom 
of the box is also shown 
prominently. It is customary 
in the application of this type 
of drawing, to use either 30°, 
45° or 60° for the slope, as these 
lines can be easily drawn with 
the standard triangles used in 
the drafting room. 


202. Oblique projection of 
lines parallel to the plane of 
projection. In developing the 
theory, let XX and YY, Fig. 3, be 
two planes at right angles to each 
other. Also, let ABCD be athin 
rectangular plate, the plane of Fig. 2. 
which is parallel to the plane XX. 

Suppose the eye is looking in the direction Aa, inclined* to the 
plane XX. Where this line of sight from the point A on the 


Plane of Projection 
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object appears to pierce or impinge on the plane XX, locate the 
point a. From the point B, assume that the eye is again directed 
* The ray must not be perpendicular, as this makes it an orthographic 


projection. The ray cannot be parallel to the plane of projection, because 
it will never meet it, and, hence, cannot result in a projection. 
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toward the plane XX, in a line that is parallel to Aa; this 
second piercing point for the point B in space will appear 
at b. Similarly, from the points C and D on the object, the 
piercing points ‘on 'the plane will be c and d, Ce and Dd being 
parallel to Aa. 

On the plane XX, join the points abcd. To an observer, 
the figure abcd will give the same mental impression as will 
the object ABCD. In other words, abcd is a drawing of the 
thin plate ABCD. ABCD is the object in space; abcd is the 
corresponding oblique projection of ABCD. The plane XX is 
the plane of projection; Aa, Bb, Cc, and Dd, are the projecting 
lines, making any angle with the plane of projection other than 
at right angles or parallel thereto. The plane YY serves the 
purpose of throwing the plane XX into stronger relief and has 
nothing to do with the projection. 

It will be observed that the figure whose corners are the 
points ABCDabcd is an oblique rectangular prism, the opposite 
faces of which are parallel because the edges have been made 
parallel by construction. From the geometry, all parallel plane 
sections of the prism are equal, hence abcd is equal to ABCD, 
because the plane or the object ABCD was originally assumed 
parallel to XX, and the projection abcd lies in the plane XX. 
As a corollary, the distance of the object from the plane of pro- 
jection does not influence the size of the projection, so long as 
the plane of the object is continually parallel to the plane of 
projection. 

Indeed, any line, whether straight or curved, when parallel 
to the plane of projection has its projection equal to the line 
itself. This is so because the curved line may be considered 
as made up of an infinite number of very short straight lines. 


203. Oblique projection considered as a shadow. Another 
way of looking at the projection shown in Fig. 3 is to assume 
that light comes in parallel lines, oblique to the plane of pro- 
jection. If the object is interposed in these parallel rays, then 
abcd is the shadow of ABCD in space, and thus presents an 
entirely different standpoint from which to consider the nature 
of a projection. Both give identical results, and the latter is 
here introduced merely to reenforce the understanding of the 
nature of the operation. 
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204. Oblique projection of lines perpendicular to the 
plane of projection. Let XX, Fig. 4, be a transparent plane 
surface, seen edgewise, and ab, an arrow perpendicular to XX, 
the end a of the arrow lying in the plane. Suppose the eye is 
located at r so that the ray of light rb makes an angle of 45° 
with the plane XX. If all rays of light from points on ab are 


iGo: 


parallel to rb, they will pierce the plane XX in a series of points, 
and ac, then, will become the projection of ab on the plane XX. 
To an observer standing in the proper position, looking along 
lines parallel to rb, ac will give the same mental impression as 
the actual arrow ab in space; and, therefore, ac is the projection 
of ab on the plane XX. The extremities of the line ab are hence 
projected as two distinct pomts a and c. Any intermediate 
point, as d, will be projected as e on the projection ac. 

From the geometry, it may be noticed that ac is equal to ab, 
because cab is a right angled triangle, and the angle acb equals 
the angle cba, due to the adoption of the 45° ray. Also, any 
limited portion of a line, perpendicular to the plane of projection, 
is projected as a line equal to it in length. The triangle cab may 
be rotated about ab as an axis, so that c describes a circle in 
the plane XX and thus ac will always remain equal to ab. This 
means that the rotation merely corresponds to a new position 
of the eye, the inclination of the ray always remaining 45° with 
the plane XX. 
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The foregoing method of representing 45° rays is again shown 
as an oblique projection in Fig. 5. Two positions of the ray 
are indicated as rb and sb; the corresponding projections are 
ac and ad. Hence, in constructing oblique projections, the 
lines that are parallel to the plane of projection are drawn with 
their true relation to each other. The lines that are perpendicular 
to the plane of projection are drawn as an inclined line of a length 
equal to tke line itself and making any angle with the horizontal, 


YZ 
AU 
4 re 
7 


Plane of Projection 
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at pleasure. Here, again, the plane YY is added. The line of 
intersection of XX and YY is perpendicular to the plane of 
the paper, and is shown as a sloping line, because the two planes 
themselves are pictured in oblique projection. * 


205. Oblique projection of the combination of parallel 
and perpendicular lines to the plane of projection. Fig. 
6 shows a box and its projection, pictorially indicating all the 
mental steps required in the construction of an oblique pro- 
jection. The object (a box) A is shown as an oblique projection; 


* Compare this with Figs. 1 and 2. The front face of the box is shown 
as it actually appears, because it is parallel to the plane of projection (or 
paper). The length of the box is perpendicular to the plane of the paper 
and is projected as a sloping line. 
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its projection B on the plane of projection appears very much 
distorted. This distortion of the projection is due to its being 
an oblique projection, initially, which is then again shown in 
oblique projection. From what precedes, the reader should find 
no difficulty in tracing out the construction. Attention may 
again be called to the fact that the extremities of the lines per- 
pendicular to the plane of projection are projected as two distinct 
points. 


206. Oblique projection of circles.* When the plane of a 
circle is parallel to the plane of projection, it is drawn with a 
compass in the ordinary way, because the projection is equal 
to the circle itself (202). When the plane of the circle is per- 
pendicular to the plane of 
projection, however, it is 
shown as an ellipse. Both 
eases will be illustrated by 
Fig. 7, which shows a cube 
in oblique projection. In 
the face abcd, the circle is 
shown as such, because the 
plane of the circle is par- 
allel to the plane of pro- 
jection, which, in this case, 
is the plane of the paper. It 
will be noticed that the circle 
in abcd is tangent at points 
midway between the extremities of the lines. If similar points 
of tangency are laid off in the faces aefb and fbcg and a smooth 
curve be drawn through these points, the result will be an ellipse; 
this ellipse is, therefore, the oblique projection of a circle, whose 
plane is perpendicular to the plane of projection. The additional 
lines in Fig. 7 show how four additional points may be located 
on the required ellipse. 

It may be shown that a circle is projected as an ellipse in all 
cases except when its plane is parallel to the plane of projection, 
or, when its plane is chosen parallel to the projecting lines. In 
the latter case, it is a line of a length equal to the diameter of the 


* When projecting circles in perpendicular planes, the 30° slope offers 
an advantage because the ellipse is easily approximated. See Art. 405. 
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circle. The reason for this will become evident later in the 
subject. (It is of insufficient import at present to dwell on it 
at length.) 


207. Oblique projection of inclined lines and angles. 
At times, lines must be drawn that are neither parallel nor 
perpendicular to the plane of projection. A reference to Fig. 
8 will show how this is done. It is desired to locate a hole in 
a cube whose edge measures 12”. The hole is to be placed in 
the side bfgc, 8’” back from the point c and then 4” up to the 
point h. To bring this about, lay off ck=8” and kh (vertically) 
=4" and, then h is the 
required point. Also, hke 
is the oblique projection 
of a right angled tri- 
angle, whose plane is per- 
pendicular to the plane 
of projection. Suppose, 
further, it is desired to 
locate the point m on 
the face abfe, 7’’ to the 
right of the point a and 
5’ back. The dimensions 
show how this is done. 
Again, man is the ob- 

Fic. 8. lique projection of aright 
angled triangle, whose 
legs are 5” and 7”. This method of laying off points is virtually 
a method of offsets.* The point m is offset a distance of 5’ 
from ab; likewise h is offset 4’’ from cg. If it be required to lay 
off the diagonal of a cube, it is accomplished by making three 
offsets from a given point. For instance, consider the diagonal 
ce. If c is the starting point, draw cg perpendicular to the 
plane (shown as an inclined line), then fg, vertically upward, 
and finally fe, horizontally to the left; therefore, ce is the diagonal 
of the cube, if eg =gf=fe.t 
* This method is of importance in that branch of mathematics known 


as Vector Analysis. Vectors are best drawn in space by means of oblique 
projection. 


J If two given lines are parallel in space, their oblique projections are 
parallel under any conditions. The projecting lines from the extremities of 
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A word may be said in reference to round holes appearing 
in the oblique faces of a cube. As has been shown, circles are 
here represented as ellipses (206), but if it were desired to cut 
an elliptical hole at either h or m, then their projections would 
not give a clear idea of the fact. Such cases, when they occur, 
must be covered by a note to that effect; an arrow from the 
note pointing to the hole would then indicate, unmistakably, 
that the hole is to be drilled (for a round hole), otherwise its 
shape should be called for in any way that is definite. It seems, 
therefore, that oblique projection cannot fulfill the needs of 
commercial drawing in every respect; and, indeed, this is true. 
Other methods also have certain advantages and will be treated 
subsequently. 


208. Representation of visible and invisible lines. While 
viewing an object, the observer finds that some lines on the 
object are visible. These lines are drawn in full on the projection. 
There are, however, other lines, invisible from the point of view 
chosen and these, when added, are shown dotted. Fig. 9 shows 
all the visible and invisible 
lines on a hollow circular 
cylinder. Dimensions are 
appended and the cylinder 
shaded so that no question 
should arise as to its identity. 
It can be observed that the 
drawing is clear in so far as 
it shows that the hole goes 
entirely through the cylin- 
der. Were the dotted lines Fra. 9. 
omitted, one could not. tell 
whether the hole went entirely through, or only part way 
through. Hence, dotted lines may add to the clearness of a 
_ drawing; in such cases they should be added. At times, how- 
ever, their addition may lead to confusion; and, then, only the 


the given lines determine planes that cut the plane of projection in lines 
which are the projections of the given lines. The projecting planes from 
the given lines are parallel, and, hence, their projections are parallel, since 
it is the case of two parallel planes cut by a third plane. 

t The student will obtain many suggestions by copying such simple 
illustrations as Figs. 1, 2, 7, § and 9. 
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more important dotted lines added, and such others, considered 
unnecessary, should be omitted. Practice varies in this latter 
respect and the judgment of the draftsman comes into play 
at this point; ability to interpret the drawing rapidly and 
accurately is the point at issue. 


209. Drawings to scale. Objects of considerable size cannot 
be conveniently represented in their full size. The shape is 
maintained, however, by reducing the length of each a definite 
proportion of its original length, or, in other words, by drawing 
to scale. Thus, if the drawing is one-half the size of the object, 
the scale is 6’’=1 ft. and is so indicated on the drawing by a note 
to that effect. The scales in common use are 12’’=1 ft. or full 
size; 6’’=1 ft. or half-size; 3’’=1 ft. or quarter size; 15”; 1” 
aM. AY an ie is": ee is”; ie ete. = 1 ft. The smaller 
sizes are used for very large work and vice versa. In railway 
work, scales like 100’=1 inch, or 10000’=1 inch are common. 
In watch mechanism, scales like 48’’=1 ft. or “ four times actual 
size’’ or even larger are used, since, otherwise, the drawings 
would be too small for the efficient use of the workman. Irre- 
spective of the scale used, the actual dimensions are put on the 
drawing and the scale is indicated on the drawing by a note 
to that effect. 

If some dimensions are not laid out to the scale adopted, 
the drawing may create a wrong impression on the reader and 
this should be avoided if possible. When changes in dimen- 
sions occur after the completion of a drawing and it is im- 
practicable to make the change, the dimension may be 
underlined and marked conveniently near it N T S, meaning “ not 
to scale.” 


210. Examples of oblique projection. Fig. 10 shows a 
square block with a hole in its centre. The dimension lines indicate 
the size and the method of making the drawing when the planes 
of the circles are chosen parallel to the plane of the paper (plane 
of projection). The circle in the visible face is drawn with a 
compass to the desired scale. The circle in the invisible face 
(invisible from the point of view chosen) is drawn to the same 
radius, but, its centre is laid off on an inclined line, a distance 
back of the visible circle, equal to the thickness of the block. 
The circle in the front face is evidently not in the same plane 
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as that in the distant face. The line joining their centres is 
thus perpendicular to the plane of projection, and is, hence, 
laid off as an inclined line. 


Jal 10, 


When the plane of the circles is made perpendicular to the 
plane of projection, the circles are projected as ellipses. Fig. 
11 shows how the block of Fig. 10 is drawn when such is the 
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case. It is to be observed, that the bounding square is to be 
drawn first and then the ellipse (projection of the circle) is inscribed. 
When the circles in both faces are to be shown, the bounding 


square must be replaced by a bounding rectangular prism. This 
rectangular prism is easily laid out and the ellipses are inserted 
in the proper faces. The method of using bounding figures of 
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simple shape is of considerable importance when applying the 
foregoing principles to oblique projection. 


Fig. 12 is another illustration of an object, differing from 
Figs. 10 and 11 in so far as the hole does not go entirely through 
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from face to face. The centres for the different circles are found 
on the axis. The distances between the centres, measured on 
the inclined line, is equal to the distances between the planes 
of the corresponding circles. Since the circles are drawn as such, 
the planes must, therefore, be parallel to the plane of projection. 
The axis of the hole is perpendicular to the plane of projection, 
and, hence, is projected as an inclined line. 

The object in Fig. 12 is also shown with the planes of the 
circles perpendicular to the plane of projection in Fig. 13. Every 
step of the ccnstruction is indicated in the figure and the series 
of bounding prisms about the cylinders is also shown. 


A somewhat different example, showing the necessity of 
bounding figures, is given in Fig. 14. The bounding figure, 
shown in Fig. 15, is laid out as given and it becomes a simple 
matter to insert the object subsequently. It should be noted 
how the rectangular projection becomes tangent to the cylinder 
and that the only way to be certain of the accuracy of the 
drawing, is to use these bounding figures and make mental 
record of the relative location of the lines that make up the 
drawing. 

If objects are to be drawn whose lines are inclined to each 
other, the principles so far developed offer simple methods for 
their presentation. Fig. 16 shows a tetrahedron with a bounding 
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rectangular prism. The apex is located on the top face and 
its position is determined from the geometric principles imposed. 
Solids, as represented in the text-books on geometry, are drawn 
in this way. Some confusion may be avoided by observing 
that angles are only preserved in their true relation in the planes 
parallel to the plane of projection (207). 

The concluding example of this series is given in Fig. 17. 
It is known as a bell-crank and has circles shown in two planes 
at right angles to each other, The example furnishes the clue 


Bre, 17. 


to constructing any object, however complicated it may be. 
Base lines ab and be are first laid out to the required dimensions 
and to the desired scale. In this example, the base lines are 
chosen parallel to the plane of projection, and hence are projected 
as a right angle, true to dimensions. The thickness of the two 
lower cylinders is laid off as an inclined line from each side of the 
base line and the circles are then drawn. The upper circles 
(shown as ellipses) may need some mention. A bounding rec- 
tangular prism is first drawn, half of which is laid off on each 
side of the base line (true in this case but it may vary in others). 
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The circles and inclined lines are filled in after the guiding details 
are correctly located. This drawing may present some difficulty 
at first, but a trial at its reproduction will reveal no new prin- 
ciples, only an extreme application. . 

On completion of the drawing, the bounding figure may be 
removed if its usefulness is at an end. When inclined lines 
appear frequently on the drawing, the bounding figures can be 
made to serve as dimension lines, and so help in the interpre- 
tation. The draftsman must determine what is best in each 
case, remembering, always, that the drawing must be clear 
not only to himself, but to others who may have occasion to 
read it. 


211. Distortion of oblique projection. A view of a com- 
pleted machine suffers considerable distortion when drawn in 
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oblique projection because the eye cannot be placed in any one posi- 
tion, whereby it can view the drawing in the manner the projec- 
tion was made.* To overcome this difficulty to some extent and 
to avoid bringing the distortion forcibly to the attention of the 
observer, the projecting lines can be so chosen that the per- 
pendicular to the plane of projection is projected as a shorter 
line than the perpendicular itself. Fig. 18 shows this in con-_ 
struction. XX is a vertical transparent plate, similar to that 
shown in Fig. 4. The ray rb makes an angle with XX greater 
than 45°, and, by inspection, it is seen that the projection of 
ab on XX is ac, which is shorter than ab, the perpendicular. 

The application of the foregoing reduces simply to this: All 
lines and curves parallel to the plane of projection are shown 


* This condition is satisfied in Perspective Projections. 
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exactly the same as in oblique projection with 45° ray inclination. 
The lines that are perpendicular to the plane of projection are 
reduced to 3, 4, #, ete. of their original length and reduced or 
increased to the scale adopted in making the drawing. This 
mode of representation* is suitable for making catalogue cuts 
and the like. It gives a sense of depth without very noticeable 
distortion, due to two causes: the impossible location of the 
eye while viewing the drawing, and, the knowledge of the apparent 
decrease in size of objects as they recede from the eye. A single 
illustration is shown in Fig. 19. 


212. Commercial application of oblique projection. 
Oblique projection is useful in so far as it presents the three 
dimensions in a single view. When curves are a part of the 
outline of the object, it is desirable to make the plane of the 
curve parallel to the plane of projection, thereby making the 
projection equal to the actual curve and also economizing time 
in making the drawing. Sometimes it is not possible to carry 
this out completely. Fig. 17, already quoted, shows an example 
of this kind. It is quite natural to make the drawing as shown, 
because the planes of most of the circles are parallel to the plane 
of projection, leaving, thereby, only one end of the bell-crank 
to be projected with ellipses. 

Oblique projections, in general, are perhaps the simplest 
types of drawings that can be made, if the objects are of com- 
paratively simple shape. They carry with them the further 
advantage that even the uninitiated are able to read them, when 
the objects are not unusually intricate. The making of oblique 
projections is simple, but, at the same time, they call on the 
imagination to some extent for their interpretation. This is 
largely due to the fact that the eye changes its position for each 
point projected, and that no one position of the eye will properly 
place the observer with respect to the object. 

The application of oblique projection to the making of 
drawings for solid geometry is already known to the student 
and the resulting clarity has been noticed. Other types of pro- 
jections have certain advantages which will be considered in due 
order. 


* This type of projection has been called Pseudo Perspective by Dr. 
MacCord in his Descriptive Geometry. 
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The convenience of oblique projection to the laying out of 
piping diagrams is worthy of mention. Steam and water pipes, 
plumbing, etc., when laid out this way, result in an exceedingly 
readable drawing. 


QUESTIONS ON CHAPTER II 


. What is an oblique projection? 

. What is a plane of projection? 

. What is a projecting line? 

. Prove that when a rectangle is parallel to the plane of projection the 

projection of the rectangle is equal to the rectangle itself. 

5. Does the distance of the object from the plane have any influence on 
the size of the projection? Why? 

6. Prove that any line, whether straight or curved, is projected in its 
true form when it is parallel to the plane of projection. 

7. Show under what conditions a projection may be considered as a 
shadow. 

8. Prove that when a line is perpendicular to the plane of projection, 
it is projected as a line of equal length, when the projecting rays 
make an angle of 45° with the plane of projection. Use a diagram. 

9. Prove that any limited portion of a line is projected as a line of 
equal length, when the line is perpendicular to the plane of projec- 
tion and the projecting lines make an angle of 45° with the plane 
of projection. 

10. Show how a perpendicular may be projected as a longer or a shorter 
line, if the angle of the projecting lines differs from 45°. 

11. Why can not the projecting lines be selected parallel to the plane of 
projection? 

12. Show that when a line is parallel to the plane of projection, it is 
projected as a.line of equal length, irrespective of the angle of the 
projecting lines, provided the projecting lines are inclined to the 
plane of projection. 

13. Why may the slope of the projection of a line perpendicular to the 
plane of projection be drawn at any angle? 

14. Prove that when two lines are parallel to each other and also to the 
plane of projection, their projections are parallel. 

15. Prove that when two lines are perpendicular to the plane of pro- 
jection, their projections are parallel to each other. 

16. Draw two rectangular planes at right angles to each other so that the 
edges of the planes are parallel or perpendicular to the plane of 
the paper (or projection). 

17. Draw a cube in oblique projection and show which lines are assumed 
parallel to the plane of projection and which lines are perpendicular 
to the plane of projection. 

18. Draw a cube in oblique projection and show how the circles are 

inserted in each of the visible faces. 


H oo DO 


27. 
28. 
20. 
30. 


3l. 


32. 


33. 
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. Show how angles are laid off on the face of a cube in oblique pro- 


jection. 


. Under what conditions is the angular relation between lines pre- 


served? 


. Draw a line that is neither parallel nor perpendicular to the plane 


of projection. (Use the cube, in projection, as a bounding 
figure.) 


. Prove that any two lines in space are projected as parallels when 


they themselves are parallel. 


. Under what conditions will the oblique projection of a line be a 


point? 


. How are visible and invisible lines represented on a drawing? 
. What is meant by drawing to scale? 
. Why is it desirable to have all parts of the same object drawn to 


true scale? 
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What considerations govern the choice of the scale to be used on a 
drawing? 

Show how the distortion of an oblique projection may be reduced by 
changing the angle of the projecting lines. 

Why is it impossible to locate the eye in one position and view the 
projection in the manner in which it was made? 

Draw a rectangular box with a hinged cover, in oblique projection, 
and show the cover partly raised. 

Draw a lever, having a round hole on one end so as to fit over a 
shaft. Have the plane of the circles parallel to the plane of 
projection. 

Draw an oblong block, 2” x3’ x6” long, in oblique projection, 
having a 1” hole in its centre, 4’’ deep. 

Draw a cylindrical shaft, 6’ in diameter and 18” long, in oblique 
projection, having a rectangular hole, 2’’3’’ x5’ deep, from 
each end. Lay out to a scale of 3’ =1 ft. and affix all dimensions. 
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34, Draw a triangular prism, in oblique projection, showing how the 
bounding figure is used. 

35. Draw a hexagonal prism, in oblique projection, and show all the 
invisible (dotted) lines on it. 

36. Draw a hexagonal pyramid in oblique projection. 

37. Make a material list for the box shown in Fig. 24. 

38. Draw the circular cylinder, 4’ diameter and 6” long, shown in 
Fig. 2B. On the surface of this cylinder, two semi-circular grooves 
are cut, as shown by the dimensions. Make two drawings in 
oblique projection, one showing the plane of the circles parallel 
to the plane of projection and the other, with the plane of the 
circles perpendicular to the plane of projection. 


Norr.—For additional drawing exercises see examples in Chapters 
III and IV. 


CHAPTER III 
ORTHOGRAPHIC PROJECTION 


301. Nature of orthographic projection. Take, for 
example, a box 6”X12’"x<4” high, made of wood, 3%” thick. 
This box is shown orthographically in Fig. 20, and requires two 
distinct views to illustrate it properly. The upper view, or 
elevation, shows the side of the box whose outside dimensions 
are 4X12”, while the thickness of the wood is indicated by the 
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dotted lines. The lower view is called the plan, and is obtained 
by looking down into the inside of the box. It is thus to 
be remembered that the two views are due to two distinct 
directions of vision on the part of the observer. 

As another example of this mode of representation, consider 
the object shown in Fig. 21. It is here a rectangular plate, 
5”’X3” and 1” thick, with a square hole in its centre. The 
metal around the square hole projects 3’’ above the surface of 
the plate. In addition, there are four bolt holes which enable 
the part to be secured to a machine with bolts. As_ before, 
two views are shown with the necessary dimensions for con- 
struction. 
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302. Theory of orthographic projection. Let Fig. 22 
represent an oblique projection of two plane surfaces HH and 
VV, at right angles to each other. For mechanical operations 
to be performed later, it is assumed that they are hinged at 
their intersection so that both planes may be made to lie as one 
flat surface, instead of two separate surfaces at right angles 
to each other. The plane HH, shown horizontally, is the hori- 
zontal plane of projection; that shown vertically, is the vertical 
plane of projection; their intersection is called the ground line. 
The two planes, taken together, are known as the principal planes 


of projection. The object is the 4’<6’’X12” box chosen as 
an illustration in Fig. 20. The drawing on the horizontal plane 
is the horizontal projection; while that on the vertical plane is 
the vertical projection. 

The method of constructing the projection consists of dropping 
perpendiculars from the object, upon the planes of projection. 
Thus, in other words, the projecting lines are perpendicular to 
the plane of projection. To illustrate: The box is so located 
in space that the bcttom of it is parallel to the horizontal plane 
(Fig. 22) and the 4X12” side is parallel to the vertical plane. 
From the points A, B, C, and D, perpendiculars are drawn to 
the vertical plane and the points, where these perpendiculars 
pierce or impinge on the plane, are marked a’, b’, c’, and d’, to 
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correspond with the similarly lettered points on the object. 
By joining these points with straight lines, to correspond with 
the lines on the object, the vertical projection is completed, 
when the dotted lines showing the inside of the box are added. 
Turning to the projection on the horizontal plane, it is seen 
that A, B, E, and F are the corners of the box in space, and 
that perpendiculars from these points to the horizontal plane 
determine a, b, e, and f as the horizontal projection. It is 
assumed that the observer is looking down on the horizontal 
plane and therefore sees the inside of the box; these lines are 
hence shown in full, although the projecting perpendiculars are 
omitted so as to avoid too many lines in the construction. 


303. Revolution of the horizontal plane. It is manifestly 
impracticable to carry two planes at right angles to each other, 
each containing one projection of an object. A more con- 
venient way is to represent both projections on a single plane 
surface, so that such drawings can be represented on a flat sheet 
of paper. The evident expedient, in this case, is to revolve 
the horizontal plane about the ground line as an axis, until it 
coincides with the plane of the vertical plane. The conventional 
direction of rotation is shown by the arrow in Fig. 22, and to 
accomplish this coincidence, a 90° revolution is required. In 
passing, it may be well to note that it makes no difference whether 
the horizontal plane is revolved as suggested, or whether the 
vertical plane is revolved in the opposite direction into coin- 
cidence with the horizontal plane. Both accomplish the same 
purpose, and hence either method will answer the requirements. 


304. Position of the eye. The perpendicular projecting lines 
drawn to the planes of projection correspond with a line of sight 
that coincides with these perpendiculars. Each point found cn 
the projection, corresponds to a new position of the eye. All 
projecting lines to one plane are then evidently parallel because 
they are all perpendicular to the same plane. As two projec- 
tions are required, two general directions of vision are necessary. 
That for the horizontal projection requires the eye above that 
plane, continually directed perpendicularly against it; thus the 
eye is continually shifting in position, although the direction of 
vision is fixed. Also, the vertical projection requires that the 
eye be directed perpendicularly against it, but in this case, the 
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line of sight is perpendicular to that required for the horizontal 
projection. 


305. Relation of size of object to size of projection. 
The object is projected on the planes by lines perpendicular 
to it. If the plane of the object is parallel to the plane of pro- 
jection, then the projection is equal to the object in magnitude. 
This is true because the projecting lines form a right prism and 


Fig. 23. 


all the parallel plane sections are the same (compare with 202). 
Fig. 23 gives the construction of the projection in Fig. 21. 
ABCDa’b’c'd’ is such a right prism because the plane of the object 
is parallel to the plane of projection and the projecting lines 
are perpendicular to the plane of projection. 


306. Location of object with respect to the planes of 
projection. For purposes of drawing, the location of the object 
to the planes of projection is absolutely immaterial. In fact, 
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the draftsman intuitively makes the projections and puts corre- 
sponding projections as close as is necessary to economize room 
on the sheet. 


307. Location of projections with respect to each other. 
In Figs. 20 and 21, the vertical projection is placed directly 
above the horizontal projection. Reference to Fig. 23 will show 
why such is the case. When the horizcntal plane is revolved 
into coincidence with the vertical plane, the point d will describe 
the are of a circle dd” * which is a quadrant; d” is the ultimate 
position of the point d after revolution, and must be on a line 
d’d” which is perpendicular to the criginal position of the hori- 
zontal plane. So, too, every point of the horizontal projection 
is located directly under the corresponding point in the vertical 
projection, and the scheme for finding its position is identical 
to that for finding d at d’’. 


308. Dimensions on a projection. When the principal planes 
of the object are turned so that they are parallel to the planes of 
projection, then the edges will, in the main, be perpendicular 
to the planes of projection. In Fig. 23, DF is one edge of the 
object and it is perpendicular to the vertical plane of projection 
VV. The projection of this line is d’, because the projecting 
perpendicular from any point on DF will coincide with DF itself. 
The result of this is that the thickness of the object is not shown 
when the length and breadth are shown, or, in other words, only 
two of the three principal dimensions are shown in a single view. 
Thus, another view is required to show the thickness. If DC 
be considered a length, and DF a thickness, the horizontal pro- 
jection shows both as de and df. The vertical projection does 
not show the thickness DF as it is perpendicular to the vertical 
plane of projection. Hence, in reading orthographic projections, 
both views must be interpreted simultaneously, as each shows 
but two of the three principal dimensions and only one of the 
three is common to both projections. 


309. Comparison between oblique and orthographic 
projections. It is of interest here to show wherein the ortho- 
graphic projection differs from the oblique. When the plane 


* d’ is read d prime; d” is read d second; d’”’ is read d third; and so 
on. 
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of the object is parallel to the plane of projection, the projection 
on that plane is equal to the object, whether it is projected 
orthographically or obliquely.. When a line is perpendicular to 
the plane of projection its extremities have two distinct pro- 
jections in oblique projection, but only one in orthographic pro- 
jection. This latter statement means simply that if the projecting 
lines instead of being oblique to the plane of projection, gradually 
assume the perpendicular position, the two projections of the 
extremities of any line approach each other until they coincide 
when the projecting lines are perpendicular. Therefore, in 
orthographic projection, the third dimension vanishes and a 
new view must be made in addition to the other, in order to 
represent a solid. 


310. Orthographic projection considered a shadow. The 
horizontal and the vertical projections may be considered as 
shadows on their respective planes. The source of light must 
be such that the rays emanate in parallel lines, and are directed 
perpendicularly to the planes of projection. Evidently, the 
two views are due to two distinct positions of the source of light, 
one whose rays are perpendicular to the horizontal plane while 
casting the horizontal shadow, and the other, whose rays are 
perpendicular to the vertical plane while casting the vertical 
shadow. ; 


311. Profile plane. Let A, in Fig. 24, be the horizontal 
projection and B, the vertical projection of an object. The 
two views are identical, and to 
one unfamiliar with the object, 
they are indefinite, as it is im- 
possible to tell whether they are 
projections of a cylinder or of a 
prism. By the addition of either 
view C or D, it is at once appar- 
ent that the object in question 
is a circular cylinder, a hole 

Fie. 24. running part way through it. 
and with one end square. 

Fig. 25 shows how this profile is made. As customary, the 
horizontal and vertical planes are present and the projection 
on these planes should now require no further mention. A 
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profile plane (or end plane as it may be called) is shown on the 
far side of the object and is a plane that is perpendicular to 
both the horizontal and vertical planes (like the two adjacent 


walls and the floor of a room meeting in one corner). A series 
of perpendiculars is dropped from the object upon this profile 


Hire. 26. 


plane, as shown by the dotted lines, and thus the side view is 
determined. 


312. Location of profiles. If the profile view is to show 
the object as seen from the left side, it is put on the left side of 
the drawing, and vice versa. Fig. 24 shows two profile views 
located in accordance with this direction. Either views B and C 
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or B and D‘ completely represent the object. In this case, 
although this is not always so, the horizontal projection is not 
essential. 

Fig. 26 gives still another illustration of an object that is 
not as symmetrical as that immediately preceding. The illus- 
tration is chosen to show exactly how the profile planes are 
revolved into the vertical plane, if the vertical plane be assumed 
as the plane of the paper. A is the horizontal and B the vertical 
projection of the object. C and D are two profiles, drawn against 
the vertical projection, whereas E is a profile drawn against 
the horizontal projection. Fig. 27 shows a plan view of the 
vertical and two profile planes. In reading this drawing, the 
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horizontal plane is the plane of the paper, while the vertical plane 
is seen on edge and is shown as VV, as are also the left and right 
profile planes indicated respectively as LL and RR. 

In making the projection on the horizontal plane, the object 
is above the plane and the projecting perpendiculars are dropped 
from points on the object to the horizontal plane, which in this 
case is the plane of the paper. The construction of the vertical 
projection (that on VV) is indicated by the arrow A. The 
arrangement here shown corresponds to the views A and B in 
Fig. 26. 

When making the profile projections, the planes are assumed 
as transparent, and are located between the object and the 
observer. As the observer traces the outline on these profile 
planes, point by point, each ray being perpendicular to the plane, 
the resultant picture so drawn becomes the required projection. 
If, then, the planes LL and RR be revolved in the direction of the 
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arrows until they coincide with the vertical plane, and then the 
vertical plane be further revolved into the plane of the paper, 
the final result will be that of Fig. 26 with view E omitted. 

View E is a profile drawn against the horizontal projection 
and is shown on the left because it is the projection on the profile 
plane LL. It has been revolved into the horizontal plane, by 
revolving the profile plane so that the upper part of the plane 
moves toward the object into coincidence with the horizontal 
plane. 

Fig. 26 has more views than are necessary to illustrate the 
object completely. In practice, all would not be drawn, their 
presence here is necessary only to show the method. 


313. Section plane. The addition of dotted lines to the 
drawing of complicated objects is unsatisfactory at times on 
account of the resultant confusion of lines. This difficulty can 
be overcome by cutting the object by planes, known as section 
planes. The solid material when 
so exposed is sectioned or cross- 
hatched by drawing a series 
of equidistant lines over the 
exposed area. A convenient 
mnemonic in this connection is 
to assume that the cut is made 
by a saw and that the resultant 
tooth marks represent the sec- Fic. 28. 
tion lines. Fig. 28 shows what 
is known as a stuffing box on a steam engine. This is a special 
case where but one projection is shown in section and one profile. 
The left-hand view might have been shown as an outside view, 
but the interior lines would then have been shown dotted. As 
it is, the object is cut by the plane ab and this half portion is 
shown to the left, sectioned of course, because the cut is not 
actual. 

Another example is seen in Fig. 29, where a fly-wheel is 
represented in much the same way as in the illustration in Fig. 
28. It differs somewhat from that immediately preceding in 
so far as the two views do not have the theoretical relation. 
Were the wheel actually cut by the plane ab then the arms 
(spokes) shown in the profile would have to be sectioned. As 
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shown, however, the arms appear in full as though the section 
plane passed through the wheel a short distance ahead of the 
spokes. The convention is introduced for a double purpose: 
In the first place it avoids peculiar projections as that for the 
plane cd for instance, where the spokes would be foreshortened 
because they incline to the plane of projection. In the second 
place, the sectioning of the spokes is the conventional method 
of showing a band wheel,* that is, a wheel with a solid web, 
or, in other words, without spokes. Hence, it appears that 
although it may not seem like a rational method of drawing, 
still the attending advantages are such as make it a general 
custom. The mechanics who use the drawings understand this, 
and therefore it becomes common practice. 


Fre. 29. 


Many more examples could be added, but they would be 
too complicated to be of illustrative value. It may be said, that, 
in some cases, six or more sections may be made to illustrate 
the object completely. They are located anywhere on the draw- 
ing and properly indicated, similar tocdin Fig. 29. It may also be 
mentioned, that in cases like that of the fly-wheel, the shaft 
is not cut by the section plane but is shown in full as it appears 
in Fig. 29. 


314. Supplementary plane. Fig. 30 shows a Y fitting used 
in pipe work for conveying steam, water, etc., and consists of 
a hollow cylindrical shell terminating in two flanges, one at 


* Wig. 43 is an example of a band wheel. 
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each end. From this shell there emerges another shell (in this 
case, smaller in diameter), also terminating in a flange. A is the 
Y fitting proper; B is the end view of one flange, showing the 
bolt holes for fastening to a 
mating flange on the next 
piece of pipe, not shown. The 
view B shows only the one 
flange that is represented by 
a circle, because the profile 
plane is chosen so as to be 
parallel to that flange. If the 
flange at C be projected on 
this same profile plane, it Fra. 30. 

would appear as an ellipse, 

and, as such, could not be drawn with the same facility as a 
circle. Here, then, is an opportunity to locate another plane, 
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called a supplementary plane, parallel to the flange at C. The 
projection of C on this supplementary plane will be a circle 
and is therefore readily drawn with a compass. 
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Only one-half of the actual circle may be shown if desired 
so as to save time, space, or both time and space. The bolt 
holes are shown in the supplementary view at C just the same 
as in view B. Either plane may be considered supplementary 
to the other; on neither plane is the entire projection made, 
because the object is of so simple a character. To avoid the 
possibility of any error arising, the supplementary projection 
is, if it is at all possible, located near the part to be illustrated. 
If, for any reason, this view cannot be so located, a note indicating 
the proper position of the view is added to the drawing. 


315. Angles of projection. Up to the present point, no 
attention has been devoted to the angles in which the pro- 
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jections were made. As will soon appear, the examples so far 
chosen were all in the first angle. Fig. 31 shows two planes 
HH and VV, intersecting at right angles to each other. The 
planes form four dihedral angles, numbered consecutively in 
a counter-clockwise manner as indicated. The same object is 
shown in all four angles, as are also the projections on the 
planes of projection, thus making four distinct projections. 


316. Location of observer in constructing projections. 
The eye is always located above the horizontal plane in making 
any horizontal projection. That is, for objects in the first and 
second angles, the object is between the plane and the observer; 
for objects in the third and fourth angles the plane is between 
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the object and the observer. While constructing the vertical 
projections the eye is always located in front of the vertical plane. 
That is, for objects in the first or fourth angles, the object 
is between the plane and the observer; but in the second and 
third angles, the plane is between the object and the observer. 
This latter means simply that the observer stands to the right of 
this vertical plane VV and views it so that the line of sight is 
always perpendicular to the plane of projection. 


317. Application of angles of projection to drawing. 
If the horizontal plane be revolved about the ground line XY 
as indicated by the arrows, until it coincides with the vertical 
plane of projection, it will be seen that that portion of the hori- 
zontal plane in front of the vertical plane will fall below the 
ground line, whereas that portion of the horizontal plane behind 
the vertical plane will rise above the ground line. 

Supposing that in each position of the object in all four 
angles, the projections were made by dropping the customary 
perpendiculars to the plane of projection, and in addition, that 
the revolution of the horizontal plane is accomplished, then 
the resultant state of affairs will be as shown in Fig. 32. For 
purposes of illustration, the ground line XY is drawn although 
it is never used in the actual drawing of objects.* Also, the 
object has been purposely so located with respect to the planes 
that the second and fourth angle projections overlap. Mani- 
festly the second and fourth angles cannot be used in drawing 
if we wish to be technically correct. It may be possible so to 
locate the object in the second and fourth angles, by simply 
changing the distance from one plane or the other, that the 
two projections do not conflict, but a little study will show that 
the case falls either under first or third angle projection, depending 
upon whether the vertical projection is above the horizontal 
projection, or, below it. 

It will be seen that in the first angle of projection, the plan 
is below and the elevation is above; whereas in the third angle 
of projection the condition is reversed, that is, the plan is above 
and the elevation is below. Strictly speaking, the profile, section 
and supplementary planes, have nothing to do with the angle 


* When lines, points, and planes are to be represented orthographically, 
the ground line becomes a necessary adjunct. 
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of projection, but it is quite possible to take a single projection 
with its profile, and locate it so that it corresponds to a third 
angle projection, Thus, there appears a certain looseness in 
the application of these principles. In general, the third angle 
of projection is used more than any other* as the larger number 


8rd Angle 
Fig. 33. 


of mechanics are familiar with the reading of drawings in this 
angle. Fig. 33 shows the same object in the first and third 
angles of projection. A profile, or end view, is also attached 
to each, thus making a complete, though simple illustration. 


318. Commercial application of orthographic projection. 
Orthographic projection is by far the most important method 
of making drawings for engineering purposes. Other types of 
drawing have certain advantages, but, in general, they are limited 
to showing simple objects, made up principally of straight lines. 

Some experience is required in reading orthographic projections 
because two or more views must be interpreted simultaneously. 
This experience is readily acquired by practice, both in making 
drawings and in reading the drawings of others. 

To compensate for the more difficult interpretation of this 
type of drawing, there are inherent advantages, which permit 
the representation of any object, if it has some well defined 
shape. By the aid of sections, profiles, and supplementary 
planes, any side of a regular body can be illustrated at will, 
and further than this, the curves are shown with such peculiarity 
as characterizes them. Bodies, such as a lump of coal, or a spade 

*The third angle of projection should be used in preference to the first 


because the profile, section, and supplementary planes conform to third 
angle projection. 
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full of earth, are considered shapeless, and are never used in 
engineering construction. Even these can be represented ortho- 
graphically, however, although it is quite difficult to draw on 
the imagination in such cases. 


QUESTIONS ON CHAPTER III 


1. What are the principal planes of projection? Name them. 

2. What is the ground line? 

3. What angles do the orthographic projecting lines make with the 
plane of projection? 


lien yl 


4, What is the horizontal projection? 

5. What is the vertical projection? 

6. Why is the horizontal plane revolved 90° after making the pro- 
jections? 


Hie, 3B. 


7. Could the vertical plane be revolved instead of the horizontal plane? 

8. Make a sketch of the planes of projection and show by arrow how 
the revolution of the planes is accomplished. 

9. How is the eye of the observer directed in making an orthographic 


projection? 
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10. What is the general angular relation between the projecting lines 
to the horizontal plane and the vertical plane of projection? 

11. Why is the projection of the same size as the object? 

12. Why is the ground line omitted in making orthographic projections? 

13. Why are corresponding projections located directly over each other? 
Show by diagram. 

14. Why does an orthographic projection show only two of the three 
principal dimensions of the object? 
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15. Why must the two views of.an orthographic projection be interpreted 
simultaneously? 

16. Compare the direction of the projecting lines of oblique projection 
with those of orthographic projection. 

17. Show how the source of light must be located in order that the 
shadow should correspond to a true projection. 


TG Ds 


18. To cast the horizontal and vertical shadows, is it necessary to have 
two distinct positions for the source of light? 

19. What is a profile plane? 

20. How is the profile plane located with respect to the principal planes 
of projection? 

21. How is the profile plane revolved into the plane of the drawing? 
Show by diagram. 
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22. How are the profiles located with respect to the main projection? 
Show by some simple sketch. 

23. What is a section plane? 

24. When is a section plane desirable? 

25. How is the section constructed? 


i eae Saal 
Fig. 3H. 
26. How is the section located with respect to the main projection? 


27. Show a simple case where only one projection and one section com- 
pletely determine an object. 


HiGwe lt 


28. What is a supplementary plane? 

29. When is it desirable to use a supplementary plane? 

30. How is the supplementary projection located with respect to the 
main projection? 
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31. Show why the profile plane is a special case of the supplementary 
plane. 

32. Make a diagram showing the four angles of projection and show 
how they are numbered. 


Thiel, BVEh diies, ByL- 


33. How is the revolution of the planes accomplished so as to bring 
them into coincidence? 
34. How is the observer located in making first angle projections? 
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35. How is the observer located in making second angle projections? 

36. How Is the observer located in making third angle projections? 

37. How is the observer located in making fourth angle projections? 

38. Why are only the first and third angles of projection used in 
drawing? 

39. How does the third angle di jection? 
Ce tae gle differ from the first angle projection’ 

40, Why is the third angle to be preferred? 


hie, SH, 


41. Why is it more difficult to read orthographic projections than oblique 
projections? 

42. What distinct advantages has orthographic projection over oblique 
projection? 


Fic. 3K. 


43. Make a complete working drawing of 3-A and show one view in 
section. Assume suitable dimensions. 


Notre: A working drawing is a drawing, completely dimensioned, 
with all necessary views for construction purposes. 


44, Make a complete working drawing of 3-B and show one view in 
section. Assume suitable dimensions. 

45. Make a complete working drawing of 3-C and show one view in 
section. Assume suitable dimensions. 

46. Make a complete working drawing of 3-D and show one view in 
section. Assume suitable dimensions. 
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. Make a complete working drawing of 3-E and show the profile on 


the left, to the top view. Assume suitable dimensions. 


. Make a complete working drawing of 3-F and show the profile on 


the left, to the top view. Assume suitable dimensions. 


. Make a complete working drawing of 8-G and show the lower view 


as a first angle projection. Assume suitable dimensions. 


. Rearrange 3-G and show three views in third angle projection. 
. Make a section of 3-H through the web and observe that the web 


is not sectioned. Assume suitable dimensions. 


. Make a supplementary view of the 45° ell shown in 3-I. Assume 


suitable dimensions. 


. Make a supplementary view of 3-J. Assume suitable dimensions. 
. Make three views of 3-K in third angle projection. Assume suitable 


dimensions. 


. Make three views of 3-L in third angle projection. Assume suitable 


dimensions. 


CHAPTER IV 


AXONOMETRIC PROJECTION 


401. Nature of isometric projections. Consider three lines 
intersecting at a point and make the angles between each pair 
of lines equal to 120°; the three angles will then total 360° which 
is the total angle about a point. If on one of these lines, or lines 
parallel thereto, lengths are laid off, on the other line, or lines 
parallel thereto, breadths are laid off; and on the remaining line, 
or lines parallel thereto, thicknesses are laid off, it seems quite 
reasonable that a method may be devised whereby the three 
principal dimensions can be plotted so as to represent objects 
in a single view. This method when carried out to completion 
results in an isometric projection. 

Let, in Fig. 34, OA, OB, and OC be the three lines, drawn 
as directed, so that the angles between them are 120°. Suppose 
it is desired to draw a box 
A’ 6'"X12"", made of wood 
4/’ thick. Lay off 12’ on OB 
(to any convenient scale), 
6” on. OA and 4” on OC. 
From A, draw a line AD 
parallel to OB and AE par- 
allel to OC; also, from C 
draw CE, parallel to OA and 
CF, parallel to OB. The 
thickness of the wocd is to 
be added and the direction 
in which this is laid off is Fia. 34. 
indicated by the direction 
of the corresponding dimension line. In the drawing, the line 
OC was purposely chosen vertical so that OA and OB may be 
readily drawn with a 60° triangle. The other lines, added to 
indicate the construction, are self-explanatory. 


45 
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This, then, is an isometric projection, and, as may be noted, 
is a rapid method of representing objects in a single view. Com- 
parison may be made with Figs. 1 and 20, which show the same 
box in oblique and orthographic projection, respectively. 


402. Theory of isometric projection. Let Fig. 35, represent 
a cube shown on the left side of a transparent plane VV. If 
the observer, located on the right, projects this cube ortho- 
graphically (projecting lines perpendicular to the plane) on the 
plane VV, and at the same time has the cube turned so that each 
of the three visible faces is projected equally on the plane, the 


Pie: 3a 


resultant projection is an isometric projection of the cube on 
the plane VV. 

The illustration on the right of Fig. 35 shows how this cube 
appears when orthographically projected. OA, OB, and OC 
are called the isometric axes. As each face of the cube is initially 
equal to the other faces, and as each edge is also equal, then, 
with equal inclination of the three faces, their projections are 
equal. Hence, the three angles are each equal to 120° and the 
three isometric axes are equal in length. To use these axes 
for drawing purposes merely requires that all dimensions of 
one kind (lengths, for instance) be laid off on any one line, or 
lines parallel thereto, and that this process be observed for the 
three principal dimensions. 

Isometric projection, is, therefore, a special case of ortho- 
graphic projection; because, in its conception, the principal planes 
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of the object are inclined to the plane of projection. As solids 
are thereby represented in a single view, only one projection 
is necessary. 


403. Isometric projection and isometric drawing. When 
a line is inclined to the plane of projection, the orthographic 
projection of the line is shorter than that of the line itself, for, if 
the degree of inclination continue, the line will eventually become 
perpendicular to the plane and will then be projected as a point. 
Thus, in Fig. 35, OA, OB, and OC are drawn shorter than the 
actual edges of the cube, and the projection on the right is a true 
isometric projection. In the application of this mode of pro- 


Fic. 36 


jection, however, it is easier to lay off the actual distance (or 
any proportion of it) rather than this foreshortened distance. 
If commercial scales are used in laying out the drawing instead 
of the true isometric projections, then it is called an Isometric 
Drawing. 

The distinction between the two is a very fine one, since, 
if the ratio of foreshortening * be used as a scale to which the 
drawing is made, then it is possible by a simple statement, to 
change from isometric drawing to isometric projection. The 
commercial name will be followed and they will be called isometric 
drawings, always bearing in mind that the distinction means 
little. 


* This ratio of the actual dimension to the true projected dimension is 
100 : 83 and may be computed by trigonometry. 
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404. Direction of axes. It is usual to assume one of the 
axes as either horizontal, or vertical, as under these circum- 
stances, the other two can be drawn with the 60° triangles which 
are standard appliances in the drawing room. Fig. 36 shows 
a wood block in several positions, each of which is an isometric 
drawing; here, the location of the observer with respect to the 
block is at once apparent. 


406. Isometric projection of circles. As no line is shown 
in its true length when it lies in the faces of the cube and is 
projected isometrically, then, also, no curve that lies in these 
faces can be shown in its true length and, therefore, in its true 
shape. This is due to the foreshortening caused by the inclina- 


1BKEL av/ 


tion of the plane of the three principal dimensions to the plane 
of projection. 

Fig. 37 shows two cubes, the one on the left appears as a single 
square because it is an orthographic projection and this plane 
was parallel to the plane of projection. On the right, an iso- 
metric drawing is shown. In the orthographic projection on 
the left, a circle is inscribed in the face of the cube. The circle, 
so drawn, is tangent to the sides of the square at points midway 
between the extremities of the lines. When this square and its 
inscribed circle is shown isometrically, the points of tangency 
do not change, but, as the square is projected as a rhombus, 
the circle is projected as an ellipse, and is a smooth curve that 
is tangent at mid-points of the sides of the rhombus. A rapid, 


AXONOMETRIC PROJECTION 49 


though approximate method of drawing an ellipse * is shown 
in the upper face of the isometric cube. The major and the 
minor axes of the ellipse can be laid off accurately by drawing 
the diagonals eg and fh (the notation being alike in both views); 
a tangent to the circle is perpendicular to the radius, and, for 
points on the diagonals, this tangent is shown as mn (all four 
are alike because they are equal). Showing mn isometrically 
means that the gm=gn in one view is equal to the gm=gn in 
the other view; the hm=hn in one view is equal to the hm=hn 
in the other view, and so on, for the four possible tangents at 
the diagonals. 


406. Isometric projection of inclined lines and angles. 
Suppose it is desired to locate the centre of a hole in one of the 
faces of a cube as at h (Fig. 38). 
The hole is 12” back from the 
point f, on the line fm, and 6” up 
from the point m; hfm is the 
isometric representation of a right 
triangle whose legs are 6’ and 
12”. It will be observed that 
none of the right angles of the 
cube are shown as such, therefore, 
the angle hfm is not the true angle 
corresponding to these dimensions; 
and, hence, it cannot be measured 
with a protractor in the ordinary Fig. 38. 
way. 

The point k is located in a similar manner on the top of the 
cube, while ank is the isometric drawing of a right triangle whose 
legs are 9’ and 13’... A diagonal ed of the cube is also shown. 

The general method of drawing any line in space is to plot the 
three components of the line. For instance, the point d is 
located with respect to the point e, by first laying off ef, then 
fg, and finally gd. 


407. Isometric graduation of a circle.t If the plane of 
a circle is parallel to the plane ‘of projection, the projection is 


* The exact method of constructing an ellipse will be found in any text- 
book on geometry. 
+ This method is also applicable to oblique projection. 
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equal to the circle itself and, hence, it can be drawn with a compass 
to the required radius. Any angle is then shown in its true 
size and thus the protractor ean be applied in its graduation. 
When circles are shown isometrically, however, their pro- 
jections are ellipses, and the protractor graduation is applicable 
no longer. In the upper face of the cube, shown isometrically 
in Fig. 39, the circle is shown as an ellipse whose major and 
minor axes are respectively horizontal and vertical. If, on the 
major axis ab, a semicircle is drawn, and graduated by laying 


1aKe, BA) 


off angles at 30° intervals, the points CDEF and G are obtained 
making six angles at 30°, or a total of 180°, the angular measure 
of a semicircle. If, then, the plane of the circle is rotated about 
ab as an axis, until the point E coincides with e, each point of 
division on the semicircle will find itself on the similarly lettered 
point of the ellipse; because, then, the plane of the semicircle 
coincides with the plane of the upper face of the cube. Therefore, 
aoc, cod, doe, etc., are 30° angles, shown isometrically. 

In the side face of the same cube are shown two methods of 
laying off 45° angles. The fact that both methods locate the 
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same points tends to show that either method, alone, is applicable. 
The lettering is such that the construction should be clear without 
further explanation. 


408. Examples of isometric drawing. As an example, the 
steps in the drawing of a wooden horse, shown in Fig. 40 and 
used in the building trades for supporting platforms and the 
like, will be followed. The making and the subsequent interpre- 


Fia. 40. 


tation of drawings of this kind is facilitated by the introduction 
of bounding figures of simple shape. In the example chosen, 
the horse is bounded by a rectangular prism. The attached 
dimensions show the necessary slopes and may be introduced 
so as to replace the bounding figure. There is nothing new in 
this drawing and therefore the description will not be needlessly 
exhaustive. The bounding figure, when appended to a drawing 
like that of Fig. 40, helps to emphasize the slopes of the various 
lines. In general, the bounding figure should be removed on 
completion of the drawing. 
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Fig. 41‘shows a toothed wheel. The plane of the circles 
corresponds to the plane of the top face of a cube. To construct 
it, it is necessary to lay out’ the prism first and then to insert the 
ellipses. The graduation of the circle is similar to that indicated 
in Art. 407, 


A lever is shown in Fig. 42. The centre line ab lies 
in the top face of the lever proper. Circumscribing prisms 
determine the ends of the lever and also the projecting cylin- 
drical ends. 


Fig, 42. 


A gas-engine fly-wheel is illustrated in Fig. 48. Here the 
fly-wheel is shown so that the planes of the circles correspond 
to one of the side faces of a cube. The wheel has a solid web 
(without spokes) and a quarter of it is removed and shown in 
section. 
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Fig. 44. 
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Fig. 44 represents a bell-crank. Again the scheme of using 
base-lines in connection with circumscribing prisms is shown. 
This view should be compared with that given in Fig. 17. 


409. Dimetric projection and 
dimetric drawing. Let Fig. 45 be 
the isometric projection of a cube, 
with the invisible edges shown dotted. 
A disturbing symmetry of the lines 
is at once apparent. This objection 
becomes serious when applied to 
drawing if the objects are cubical, or 
nearly so. 

The foregoing difficulty may be 
partially overcome by turning the 

Pia. 45. cube so that only two faces are 
projected equally and the remaining 

face may be larger or smaller at pleasure. Fig. 46 shows 
this condition represented..« The angle aoc is larger than either 
the angles aob or cob, the latter two (aob and cob) being 
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Fia. 46. 


equal. The faces A and B are projected equally, whereas C 
is smaller in this particular case, though it need not be. The 
illustration as shown on the right of Fig. 46 is a dimetric pro- 
jection and, as such, the same scale is applied to the axes oa and 
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oc because they are projected equally. The axis ob is longer, 
since the corresponding edge is more nearly parallel to the plane 
of projection VV than either oa or oc. Hence, to be theoretically 
correct, a different scale must be used on the axis ob. 

When dimetric projection is to be commercially applied, 
confusion may result. from the use of two distinct scales. If 
one scale is used on all three axes the combination becomes a 
dimetric drawing. Hence, a dimetric drawing differs from an 
isometric drawing, in so far, as two of three angles are equal 
to each other for the dimetric drawing; whereas, in isometric 
drawing, all three are equal, that is, the axes are 120° 
apart. 

What is true of the direction of the axes in isometric drawing 
is equally true here, that is, the angular relation between the 
axes, alone, determines the type of projection, the direction of 
any one is entirely arbitrary. 

Dimetric drawings do not entirely remove the objectionable 
symmetry, yet they find some use in practice, although they 
present no distinct advantage over any other type. 


410. Trimetric projection and trimetric drawing. Fig. 
47 shows a cube which is held in such a position that the 
orthographic projection of it will 
result in the unequal projection of 
the three visible faces. This, then, 
becomes a trimetric projection. 

To make true projections, three 
different scales must be used. This, 
of course, is objectionable and, hence, 
recourse is had to a trimetric draw- 
ing. A trimetric drawing, therefore, 
requires three axes. The angles be- Fia. 47. 
tween the axes differ, but no one 
angle can be a right angle in any case.* The same scale is 
applied to all three. Also, the axes may have any direction, 


* This evidently makes it an oblique projection. It is impossible to 
project a cube orthographically to produce this; since, if two axes are parallel 
to the plane of projection, the third axis must be perpendicular and is hence 
projected as a point. The oblique projection of a cube, which is turned as 
it would be in isometric drawing, presents no new feature since it results, 
generally speaking, in a trimetric projection. 
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so long aS attention is paid to the angular relation be- 
tween them. 

If isometric drawings ‘introduce the disturbing symmetry, 
then the trimetric is to be recommended, unless one of the other 
types of drawing is found to be more suitable. No examples are 
given in this connection, because the application of dimetric and 
trimetric drawings involve no new features. It is only to be 
remembered, that artistic taste may dictate the direction of the 
axes, so as to present the best view of the object to be illustrated. 


411. Axonometric projection and axonometric drawing. 
Isometric, dimetric, and trimetric projection form a group which 
may be conveniently styled as axonometric projections. All 
three are the result of the orthographic projection of a cube, 
so that the three principal axes are projected in a manner as 
already indicated. Axonometric projections are therefore a 
special case of orthographic projection, but their advantages 
are sufficiently prominent to warrant separate classification. 

For isometric projection, one scale is used throughout; for 
dimetric projection, two separate scales are used; and for tri- 
metric projection, three distinct scales are used. When applying 
axonometric projections to drawing, the same scale is used on 
all axes, and the group then represents a series which may be 
called axonometric drawing. 

The distinction between isometric projection and isometric 
drawing has been pointed out (Art. 403). It becomes more 
prominent, however, in dimetric and trimetric projection. 


412. Commercial application of axonometric projection. 
For objects of simple shape, with few curves, isometric drawings 
serve a useful purpose, because they are easily made and are 
easily read by those unfamiliar with drawing in general. When 
curves are frequent and it is desirable to picture objects in a 
single view, oblique projections offer advantages over isometric 
drawings because it may be possible to make the planes of the 
curves parallel to the plane of projection. The curves will then 
be projected as they actually appear. When curves appear 
in many planes, then orthographic projections will answer require- 
ments best, but, as already mentioned, their reading is more 
difficult, due to the simultaneous interpretation of two or more 
views. 
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Before dismissal of the subject of projections in general, 
attention is called to Fig. 48 which is a peculiar application 
of isometric drawing. It is frequently used as an example of 
an optical illusion. By concentrating 
the vision at the centre of the picture, 
there seems to be a sudden change from 
six to seven cubes, or vice versa, depend- 
ing upon whether the central corner be 
regarded as a projecting or a depressed 
corner. This is due to the fact that all 
of the cubes are shown of the same size, 
a condition which is contrary to our 
everyday experience. As objects recede 
from the eye, they appear smaller; and 
in isometric projection there is no correction for this. In fact, all 
the projections so far considered, draw on the imagination for 
their interpretation,* and, therefore, they cannot present a per- 
fectly natural appearance. 


Fig. 48. 


413. Classification of projections. All projections having 
parallel projecting lines may be classified according to the 
method by which they are made. This classification furnishes 
a useful survey of the entire subject and also serves to emphasize 
the distinction between the different methods.’ 

It will be found, on analysis, that if the object be conceived 
in space with its parallel projecting lines, the oblique projections 
result when the plane of projection cuts the projecting lines 
obliquely. When the plane of projection cuts the projecting 
lines at a right angle, then the orthographic series of projections 
arise. If, still further, the projecting lines, coincide with some 
of the principal lines on the object, and the plane of projection 
is at right angles to the projecting lines, then the two-dimension 
orthographic projections result, and these are commonly called 
mechanical drawings. If the projecting lines do not coincide 
with some of the principal lines on the object, then the axono- 
metric series of projections follow. 


*The projections that overcome these objections are known as Per- 
spective Projections. In these, the projecting lines converge to a point at 
which the observer is supposed to be located. Photographs are perspectives 
in a broad sense. 
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CLASSIFICATION OF PROJECTIONS HAVING PARALLEL 
PROJECTING LINES 


Oblique. Pro- 
jecting lines 
inclined to 
plane of pro- 
jection but 


parallel to 
each other, 
On Plane 
Surfaces: 
Orthographic. 
Projecting 
lines perpen- 
dicular to 
the plane of 
projection. 
PRoJEC- 
TIONS 
On 
Curved 
Surfaces: 


Inclination of 
projecting 
lines 45° 
with plane of 
projection. 


Inclination of 
projecting 
lines greater 


than 45° | 


with plane of 
projection. 


Mechanical 
Drawing. 
showing two 
principal di- 
mensions on 
a single view. 
Hence, at 
least two 
views needed 


Axonometric. 
projection, 
showing 
three dimen- 
slons In a 
single view. 


4 


mre 


< 


| Not used in Engineering drawing. 


All lines projected 
equal in length. 
Hence, same scale 
used on all. 


Lines parallel to 
plane of projection 
drawn to equal 
length. Lines per- 
pendicular to 
plane, projected as 
shorter lines to di- 
minish distortion. 


Principal lines of 
object parallel or 
perpendicular to 
planes of projec- 
tion. Sometimes 
called Ortho- 
graphic  projec- 
tion. 


Isometric. All 
three axes of cube 
projected equally, 
hence, axes are 
120° apart and 
equal in length. 
Applied as Iso- 
metric Drawing. 


Dimetric. Two of 
the three axes 
projected equally, 
hence, only two 
angles equal. Ap- 
plied as Dimetric 
Drawing. 


Trimetric. Axes 
projected unequ- 
ally, hence, all 


three angles differ. 
Applied as Tri- 
metric Drawing. 


oR Whe 


in) 
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QUESTIONS ON CHAPTER IV 


. What are the isometric axes? 

. How are they obtained? 

. What is the angular relation between the pairs of axes? 

. Show why the isometric projection is a special case of orthographic. 

. What is the distinction between isometric projection and isometric 


drawing? 


. What direction do the axes have for their convenient application 


to drawing? 
How is a circle projected isometrically? 


. Show the approximate method of drawing the isometric circle. 

. How are inclined lines laid off isometrically? 

. How are angles laid off isometrically? 

. Show that the laying off of an inclined line is accomplished by laying 


off the components of the line. 


. How is the isometric circle graduated in the top face of the cube? 
. Show how the graduation is accomplished in one of the side faces 


of the cube. 


. What is a dimetric projection? 
. What is a dimetric drawing? 
. What angular relation exists between the axes of a dimetric pro- 


jection? 


. What is a trimetric projection? 

. What is a trimetric drawing? 

. What angular relation exists between the axes of a trimeiric drawing? 
. Show why the trimetric drawing eliminates the disturbing symmetry 


of an isometric drawing. 


. Why cannot the angle between one pair of axes be a right angle? 
. What are axonometric projections? 
. Why do projections with parallel projecting lines draw on the imag- 


ination for their interpretation? 


. Draw the object of Question 33 in Chapter 2 in isometric drawing. 


Use bounding figure. 


. Draw a triangular prism in isometric drawing. Use a bounding 


figure. 


. Make an isometric drawing of a hexagonal prism. Use a bounding 


figure. 


. Make an isometric drawing of a hexagonal pyramid. Use a bounding 


figure. 


. Make an isometric drawing of 3-A (Question in Chapter 3). 
. Make an isometric drawing of 3-B. 
. Make an isometric drawing of 3-C. 
. Make an isometric drawing of 3-D. 
. Make an isometric drawing of 3-F. 
. Make an isometric drawing of 3-G. 
. Make an isometric drawing of 3-H. 
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. Make an isometric Crawing of 3-I. 

. Make an isometric drawing of 3-J. 

. Make an isometric drawing of 3-K. 

. Make an isometric drawing of 3-L. 

. Make a complete classification of all projections having parallel 


projecting lines. 
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Water Hammer in Hydraulic Pipe Lines). 33-3 ..45.-<-44--- - 12mo, *2 00 
Gilbretineh power MOtOntStUG yan tert ere epee eel eee ine 12mo, *2 00 
Gillmore, Gen. Q. A. Limes, Hydraulic Cementsand Mortars........ 8vo, 4 00 
—— Roads, Streets,-and Pavements...............-.....-...5.. 12m0;) 9) 92100 
Goldinow Hip Atae the eh heta-PhitDia ora 0 cere yest aya a I2mo, *1 25 
Goldschmidt, R. Alternating Current Commutator Motor.......... 8vo, *3 00 
Goodchild, W. Precious Stones. (Westminster Series.)............8vo, *2 00 
Goodeve, T. M. Textbook on the Steam-engine................. I2mo, 2 00 
GorenGumeDlectrolyticiseparationiof Metals, 0). 22. seen. a... 8vo, *3 50 
I 00 


Gouldy Races Atithmetic of theSteam-engine.-. 2. ..n- 32. z2mo, 
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Gould, E.S, Calculus. (Science Series No. 112.).............+. 16mo, 
—_— High Masonry Dams. (Science Series No. 22.)..............16mo, 
—— Practical Hydrostatics and Hydrostatic Formulas. (Science Series 
1 (otiah i dy 2 hare tea ese ere ee Beet areca mou. yaa 16mo, 

Grant, J. Brewing and Distilling. (Westminster Series.) 8vo (Jn Press.) 
Gray, J. ~ Electrical Influence Machines: 0) <5) oon. cs 26. ees 12mo, 
Greenwood, E. Classified Guide to Technical and Commercial Books. 8vo, 
Gregorius, R. Mineral Waxes. Trans. by C. Salter.............. 12mo, 
Gritiths pA be meAN Dreatise One Vattit esas ich: elute tte nts ere I12mo, 
Dental: Metallurg ys oe spats bs choc tale rey aueee eae eee 8vo, 
Grogs. Kage GLODS sah np steotiny aticer teh ee atta Colotuuco yee eee tee ene eee eee 8vo, 
Grossman; J., Anmonia.and lts\Compounds...- 72.2... -- 5-6 12mo, 
Groth, L. A. Welding and Cutting Metals by Gases or Electricity... .8vo, 
Grover, ER. “Modern /Gasand Oil Engines, 0... 2.2.4... --. = +--- = 8vo, 
Gruner, At -Power-loom Weaving seen <a tetas cles eee 8vo, 
Giildner, Hugo. Internal Combustion Engines. Trans. by H. Diederichs. 
4to, 

Gunther uC One trite orator ce eye recat epee i ete taie ele tet ae ie r2mo, 
Gurden; RR. Ue aravetse:lablesass- 2 ole cre folio, half morocco, 
Guy, A. E. Experiments on the Flexure of Beams...........:..... 8vo, 


Haeder, H. Handbook on the Steam-engine. Trans. by H. H. P. 


Powlesiste wa vertaa rat ee Wales ted treats mee asie mse ais acl ene eo I2mo, 
Hainbach, R. Pottery Decoration. Trans. byiG.Slatere. a5 eee I2mo, 
Hale, W. J. Calculations of General Chemistry................. I2mo, 
Hall, C. H. Chemistry of Paints and Paint Vehicles..............12m0, 
Hall, R. H. Governors and Governing Mechanism............... 12mo, 
Hall, W.S. Elements of the Differential and Integral Calculus...... 8vo, 

Descriptive Geometry, 35.5. --.-.--.-- 8vo volume and a 4to atlas, 
Haller, G. F., and Cunningham, ®. T. The Tesla Coil............ I2mo, 
Halseyic he Am Slide iV ave) Geatd. qm seein eieere nee eee eno I2mo, 
—— The Use of the Slide Rule. (Science Series No. 114.)......... 16mo, 

Worm and Spiral Gearing. (Science Series No. 116.)........ 16mo, 
Hamilton, W.G. Useful Information for Railway Men.......... 16mo, 
Hammer, W. J. Radium and Other Radio-active Substances....... 8vo, 
Hancock, H. Textbook of Mechanics and Hydrostatics............ 8vo, 
Hardy, E. Elementary Principles of Graphic Statics............. I2mo, 
Harper, W. B. Utilization of Wood Waste by Distillation.......... 4to, 
Harrison, W. B. The) Mechanics” Dool-book.....). .--.- see see 12mo, 
artsy Jey same <teL ina leo. tb ito WW On Kan eee eee reece 8vo, 
SS MEHTA Toy EAN TE aal) Yessy Koval AiOnvayy ANY. | 56 So onc aoa sc oka ane 8vo, 
—— =e riNCiples Olve OtsW. ALE LOUD OLY seme rire scaievals sie ete nce oe 8vo, 

SANitarye Papin sve deb relia Coe een ee 8vo, 
Haskins, C. H. The Galvanometer and Its Uses................. 16mo, 
Hattss \ocAn Elise be COlOtist wer weer tee tae ce eee square I2mo, 
Hausbrand, E. Drying by Means of Air and Steam. Trans. by A. C. 

Wright sy diitey e cinel tra see ene near eee eon ear ae r12mo, 
—— Evaporating, Condensing and Cooling Apparatus. Trans. by A. C. 

Wrights: 5) Rea Dad cae nee ae me re ae ee 8vo, 


Hausner, A. Manufacture of Preserved Foods and Sweetmeats. Trans. 
by A. Morris and EL vRobson .o aes eee Renee i ee 8vo, 


00 


00 
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Hawke, W. H. Premier Cipher Telegraphic Code.................. 4to, *5 00 
100,000 Words Supplement to the Premier Code...............4to, *5 00 
Hawkesworth, J. Graphical Handbook for Reinforced Concrete Design. 

4to, *2 50 


ising A> Niemen rae (Cite giis. ser ooo dee aeoact aotds do wee canoe 8vo, *2 50 
Principles of Alternate-current Working. . Soe eee tot On ne 00, 
—— Electrical Distributing Networks and Dicetbuting ince pO, Oe) Ee 
Continuous Current Engineering........ Poa .ortce paw aici 8vo, *2 50 
Heap, Major D. P. Electrical Appliances. . : EErcabiotys pic crew: < PONGTO) 
Heaviside, O. Electromagnetic Theory. Two eolenter Sore ky 8vo, each, *5 00 
Heck, R.C. H. Steam-Engine and Other Steam Motors. Two Volumes. 
Vol. I. Thermodynamics and the Mechanics............ ..8V0, *3 50 
Vol. II. Form, Construction, and Working.......... : .8vo, *5 00 
—— Abridged edition of above volumes (Elementary)..... ey Ge Preparation.) 
-—— Notes)}on Elementary Kinematics................... 8vo, boards, *1 00 
———_ Graphics of MachinesHorcess sacnata- se ree wee eo aes 8vo, boards, *1r oo 
Hedges) em eModern Lightnine Conductors,....-2+4-22-+27.5.0.. 8vo, 3.00 
Heermann, P. Dyers’ Materials. Trans. by A.C. Wright......... 12mo0, *2 50 


Hellot, Macquer and D’Apligny. Art of Dyeing Wool, Silk and Cotton. 
8vo, *2 00 


LGHEICI Om SKeletOnzotructuresnn eae omni iam eieielicr: i et error 8vo, 1 50 
Hermann, F. Painting on Glass and Porcelain........ : ..8vo, *3 50 
Herrmann, G. The Graphical Statics of Mechaaisen Mrand ay ve Ps 

SMT ayeees eters wal eae Ne ayer areas ese iers © ate decce ts I2mo, 2 00 
Herzfeld, J. Testing of Yarns and Textile Fabrics................. 8vo, *3 50 
Hildebrandt, A. Airships, Past and Present. . Ee ec tr = 8V0;) 3150 
Hildenbrand, B. W. Cable-Making. Ghee ‘Sekies No. 32s) see LOMO ONSO 
Hill, J. W. The Purification of Public Water Supplies. New Edition’ (In Press.) 
—— Interpretation of Water Analysis .....:................ (In Press.) 
Hiroi, I; Plate Girder Construction. (Science Series No. 95.)..... 16mo, 0 50 
—— Statically-Indeterminate Stresses.......................-4- 12mo, *2 00 


Hirshfeld, C.F. Engineering Thermodynamics. (Science Series No. 45.) 
16mo, 0 50 


Hobart, H. M. Heavy Electrical Engineering..................... 8vo, *4 50 
22 IDES ing Bana te oleate Soc eal hicvok wee nan ies ra ea eae Par Se 8vo, *2 00 
PONE CIRICHALALNS a sRR Wea ae co loee eer as Merc Se eo tatcls pica sieee 8vo, *2 50 
Hobbs, W. R. P. The Arithmetic of Electrical Measurements..... I2m0, 0 50 
Hoff, J. N. Paint and Varnish Facts and Formulas.............. I2imo0, *1I 50 
Hoff, Com. W. B. The Avoidance of Collisions at Sea...16mo, morocco, 0 75 
HiGle mW amo He PD istkibUtiOny Of Gasmmiemia a. .rarihe cle ie steven tl ok 8vo, *7 50 
Holle yar Ati e allway Pr ACtICe ert. mre meter icin elaine “intense eter) folio, 12 00 
Holmes, A. B. The Electric Light Popularly Explained ....12mo, paper, 0 50 
Hopkins, N. M. Experimental Electrochemistry...................8vo, *3 00 
=== Model Engines and Small Boats................0.........- 125102 
Hopkinson, J. Shoolbred, J. N., and Day, R. E. Dynamic Electricity. 
(Scienceisenies INO 7.) meee teks ee Cle cci, tals eterdta ters (sf 16mo, 0 50 
ibioyAMerey Io LBiareanarscras? Wigiibiles Spo A oboe cer acnucecuo souasseder 8vo, *3 50 
= NIGEL INGRAM IYE: 0 5 caro Guunae atcnot O1OrU eeereaedes OCICLD ORS Coca Gee 1210, 150 
PE Othe ne Gearilie weep nty Mees okt tape eiac « ecratet arch eietelcuet == omMO}, 2) O 
Houghton, C. E. The Elements of Mechanics of Materials. . 2010, *2).00 


Houllevique, L. The Evolution of the Sciences................+-- 8vo, *2 00 


“a 


Howe, G. Mathematics for the Practical Man. . a: re .12mo, 
Howorth, J. Beonauide and Riveting Glass, China cam Bartheawate: 
8vo, paper, 


Hubbard, E. The Utilization of Wood-waste......... ee, See 8vo, 
Humber, W. Calculation of Strains in Girders.................. 12mo, 
Humphreys, A.C. The Business Features of Engineering Practice. . 8vo, 
Hurst, G. H. Handbook of the Theory of Color................... 8vo, 

Dictionary of Chemicals and Raw Products.................. 8yvo, 
—— Lubricating Oils, Fats and Greases...................-.-...-. 8vo, 
SS SOAP RAT PT: POR eRe cee seis hk ate eae: 8vo, 
== — wl Extile Soaps and” Oils Mer eee aye eee oe ene ome Gh nae ee 8vo, 
Hurst, H. E., and Lattey, R. T. Text-book of Physics.............8vo, 


Hutchinson R. W., Jr. Long Distance Electric Power Transmission. 12mo, 
Hutchinson, R. W., Jr., and Ihlseng, M.C. Electricity in Mining. .12mo, 

(In Press) 
Hutchinson, W. B. Patents and How to Make Money Out of Them. 


Hutton, W. 5. Steam-boiler Construction........................8V0, 
——) PracticaltEngineer’s Handbooks oo. 2-2 «ea 2 ee 8vo, 
—— The Works’ Manager’s Handbook............ Nis 2 cane er 8vo, 
Hyde, E. W. Skew Arches. (Science Series No. 15.)............ 16mo, 
Induction’ Coils} “(ScremcecSeries| No. 535). 05-5 J. 16mo, 
Ingles. eMantialsofcAgricultucal (Chemistry: 2.22 se eee ee oe 8vo, 
Innes CHE. Problemsiin Machine) Design. 4405 00- = oe neo, 
—— Air Compressors and Blowing Engines..................... I2mo, 
—— Centrifugal Bebe Bec en ewe ince Merce Oe athena St scche so a ENO: 
—— The Fan.. ST co eM TS UIT ER PLY PS ee r2mo, 
Isherwood, B. F. fone ieocee Precedents for Steam Machinery... ... 8vo, 
Ivatts, E.B. Railway Management at Stations....................8vo, 


Jacob, A., and Gould, E. S. On the Designing and Construction of 


Storage Reservoirs. (Science Series No. 6.).............16mo, 
Jamieson, A. Text Book on Steam and Steam Engines.............8vo, 
Elementary Manual on Steam and the Steam Engine......... 12m0, 
Jannettaz, E. Guide to the Determination of Rocks. Trans. by G. W. 
Plympton 5 aerswteae sc ime keer ices ke Cee eee A ee 12mo, 

Jehi PE Manuiactice oC anbonsmra: pie terre. Meee ee eee 8vo, 


Jennings, A.S. Commercial Paints and Painting. (Westminster Series.) 
8vo (In Press.) 


Jennison, F. H. The Manufacture of Lake:Pigments....°......... 8vo, 
Jepson, G. Cams and the Principles of their Construction......... .8vo, 
Mechatical Drawincae aan eater eee 8vo (In Preparation.) 
Jockin, W. Arithmetic of the Gold and Silversmith... ... Hee aes LTO’ 
Johnson, G. L. Photographic Optics and Color Photography....... .8vo, 
Johnson, W. H. The Cultivation and Preparation of Para Rubber... 8vo, 
Johnson, W. McA. The Metallurgy of Nickel........ .(In Preparation.) 
Johnston, J. F. W., and Cameron, C. Elements of Agricultural Chemistry 
and’ Geolog yes oe see hten, ee tae nn en ee te 12mo, 

Joly,)J-. RaidoactivityamdiGeolocyas set ian een ee I2mo, 


Jones, H.C. Electrical Nature of Matter and Radioasuwtys: Tek 20, 


12 D. VAN NOSTRAND COMPANY’S SHORT TITLE CATALOG 


*y 


*o 
#2 


*2 


* 2 


D. VAN NOSTRAND COMPANY’S SHORT TITLE CATALOG 


Jones, M. W. Testing Raw Materials Used in Paint............. I2mo, 
Jones, L., and Scard, F. I. Manufacture of Cane Sugar............ 8vo, 
Joy, G. A., and Thiess, J.B. Toll Telephone Practice........ (In Press.) 
Joynson, F. H. Designing and Construction of Machine Gearing... .8vo, 
Jiiptner, H. F. V.. Siderology: The Science of Iron................ 8vo, 
MansaciCity Bridcc mar rents a hierar LUaNPo a Wits) ocdcte oe eis one 4to, 


Kapp, G. Alternate Current Machinery. (Science Series No. 96.).16mo, 
—— Dynamos, Motors, Alternators and Rotary Converters. Trans. by 


HSE SIMO US meee A ae eee ks eae oe iets Seek 8vo, 
ee LeCthiCMl rancmuscionsol Hilereyare sae insite anne I2mo, 
Keim, A. W. Prevention of Dampness in iahinibborees Sus ceconeae 8vo, 


Keller, 5.5. Mathematics for Engineering Students. 12mo, half leather. 
Algebra and Trigonometry, with a Chapter on Vectors............. 
SpecialwAlsebrasE ditions, cemeiante oe tntae tyes cha eons sper eo ae 
Bianekandisolid Geomettyanate mrt erties = aan 
Ania lytical Geometry amd Calcd Us mekeraane Teeter yer feel tains 


Kelsey, W. R. Continuous-current Dynamos and Motors.......... 8vo, 
Kemble, W. T., and Underhill, C. R. The Periodic Law and the Hydrogen 
POC LEU Ta ager ee et eit ene cere tals iz cree ee 8vo, paper, 
FCO mee wean d DOOK OL ROCKS aman eta rene t a qe eee teas ee 8vo, 
Kendall, E. Twelve Figure Cipher Code.......................... AtOy ae 
Kennedy, A. B. W., and Thurston, R. H. Kinematics of Machinery. 
(Science Series: NOs 4) les en eerie are ry een re eerie ea 16mo, 
Kennedy, A. B. W., Unwin, W. C., and Idell, F. E. Compressed Air. 
(Science Series No. 106.)......- ee Ee ayer hs ae eee oe 16mo, 
Kennedy, R. Modern Engines and Power Generators. Six Volumes. 4to, 
SiS ERVOMIIMES aya ne ON neu N yee. Fon ckt vast St node bere l-yontyel gs hs 58 each, 
—— Electrical Installations. Five Volumes...................... 4to, 
SinglesVOlames eemr ape. ip pee AA Ae ents ob aietaes CAC, 
—— Flying Machines; Practice and Design.................... I2mo, 
Kennelly, A.E. Electro-dynamic Machinery..................... 8vo, 
Kent, W. Strength of Materials. (Science Series No. 41.)....... 16mo, 
Kershaw, J. B.C. Fuel, Water and Gas Analysis................. 8vo, 
—— Electrometallurgy. (Westminster Series.)................... 8vo, 
Kershaw, J. B.C. The Electric Furnace in Iron and Steel Production. 
12m0, 
Kanyon) pA vApplicd| Mapmetist ay pants a)sststier-telomi-ysl- cnc an)e rs « 8vo, 
Kinzbrunner, C. Alternate Current Windings..................... 8vo, 
——_ Continuous Current Armatures... 22.5.2. 556-250 5ee see es 8vo, 
— Testing of Alternating Current Machines..................... 8vo, 
Kirkaldy, W.G. David Kirkaldy’s System of Mechanical Testing... .4to, 
Kackpnides| pe oeravine for Mista tO. sci. eirers. ors eich eee 8vo, 
Kirkwood, J. P. Filtration of River Waters............ sachersiset: Ae 4to, 
Klein, J. F. Design of a High-speed Steam-engine................ 8vo, 
phy sicalaciemilicance OL MMiOPYioe-s2.6 soe Sainte eee ee: 8vo, 
Kilembnans eh bo me Oller CONnstructiOM jy see y2n sie elae deren ose: 8vo, 
Knight, Lieut.-Com. A. M. Modern Seamanship.................. 8vo, 
EVAL ieIT1O LOCC O meee ret eCV A ace Ve otclin, oo ciccshe Soar ein 2 cid shee) Sh wt Deus meet 
Knox, W. F. Logarithm Tables. . f _ (In Preparation.) 


Knott, C. G., and Mackay, J. S. Practical Mathematics song eee eae 8vo, 
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Koester, F; Steam-Electric Power Plants........:-....--+---+--.>- 4to, 
—— Hydroelectric Developments and Engineering................. 4to, 
Koller, IT. The Utilization of Waste Products.........%.......-.-- 8vo, 
Cosmetics ees ee Ane oe Oro ein tae td eases cle ear sar nee 8vo, 
Krauch, C. Testing of Chemical Reagents. Trans. by J. A. Williamson 
and L. W. Dupre #2: i.3 seperate: De ote nprcrete, reer 8vo, 
Lambert, T. Lead and its Compounds.............+..--+-+-+---- 8vo, 
Bone Products and WMantres serene este ener iste tcl ele ee tele 8vo, 
Lamborn aa eC ottonseeds Prod ttets mune cists eieetae tate aaa eer 8vo, 
— Modern Soaps, Candles, and Glycerin....................-.--.. 8vo, 


Lamprecht, R. Recovery Work After Pit Fires. Trans. by C. Salter. .8vo, 
Lanchester, F. W. Aerial Flight. Two Volumes. 8vo. 


VolsaiseAerodymamicsys ® cece taste etek tie aleaots seis me ore tatey aera 
Volk Il. * pAcrodoneticsies sacyners wre doce seed oc siete -ineerel vise ates tee 
Larner, E. T. Principles of Alternating Currents................ I2mo, 


Larrabee, C.S. Cipher and Secret Letter and Telegraphic Code....16mo, 
La Rue, B. F. Swing Bridges. (Science Series No. 107.).........16mo, 
Lassar-Cohn, Dr. Modern Scientific Chemistry. Trans. by M. M. Patti- 


Om Maine heiress rene arrays no eee eae ee iene ate ee I2mo, 

Latimer, L. H., Field, C. J., and Howell, J. W. Incandescent Electric 
Lightings (Science. ceriesNOsn7.) seer a Aer ee er ODIO, 

Latta, M. N. Handbook of American Gas-Engineering Practice..... 8vo, 
—— American Producer Gas Practice sg ale ete ia ee aie - 4to, 
Leask AaR i Breakdownsiatioed same ele cic ce - ieaeeie earls I2mo, 
Triple and Quadruple Expansion Engines...................12m0, 

SS ING Taye HN Witbier. 5 og Sta so oo oS el ae Se I2mo, 
mleckyaisaelaoses Wtitikies. 41 Practical Navipation sees 8vo, 
Le Doux, M. Ice-Making Machines. (Science Series No. 46.)....16mo, 


Leeds, C.C. Mechanical Drawing for Trade Schools.........oblong 4to, 
High School ditions s osc cceccisuterpetectens ete eee. ete eee 
Machinerya bradeser ditio tia... terete arr tt eee ane 

Lefévre, L. Architectural Pottery. Trans. by H. K. Bird and W. M. 


Binns ake cee ee oe tea ee oe me a, ete Ae See ree 4to, 
Lehner, S. Ink Manufacture. Trans. by A. Morris and H. Robson. .8vo, 
Lemstrom, S. Electricity in Agriculture and Horticulture.......... 8vo, 
Le Van, W.B. Steam-Engine Indicator. (Science Series No. 78.). 16mo, 
Lewes, V. B. Liquid and Gaseous Fuels. (Westminster Series.)....8vo, 
Lieber, B. F. Lieber’s Standard Telegraphic Code................. 8vo, 
CodemeGernia nel dition ania s erin nerneaaiere eae aislexstercnee ts) sig ene ee 8vo, * 
—. Spanish Edition. see wenta ets teres ec edecieierc ae ener eae 8vo, 
PIPES A NSW obs. ac otis asta tus cldd OHO Ne HOB OEE Ade ane: 8vo, 
=. erminalrind 6xeeny acc. cae ancien cvolcteen mentee eee 8vo, 
———— Hieber’s Appendix at. aot arn rennet ey nee en folio, 
a = Dandy Lables ee cer he ce reneperieaes 0 oee e eee e 4to, 
—— Bankers and Stockbrokers’ Code and Merchants and Shippers’ Blank 
Tables cheat. hadticce ce Ce TORR CES eee ee 8vo, 
100,000,000) Combination Coden eein ei ieri eee eee rre 8yvo, 
aa Engineering |\Coder nme. tenet eee 8vo, 


Livermore, V. P., and Williams, J. How to Become a Competent Motor- 
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Livingstone, R. Design and Construction of Commutators......... 8vo, 
Lobben, P. Machinists’ and Draftsmen’s Handbook................ 8vo, 
Locke, A. G. and C.G. Manufacture of Sulphuric Acid............ 8vo, 
Lockwood, T. D. Electricity, Magnetism, and Electro-telegraph. 

8vo, 
—— Electrical Measurement and the Galvanometer.............. I2mo, 
Lode) Oj Elementary, Mechanics. .-.emiast ase cence. 12mo, 
—— Signalling Across Space without Wires...................... 8vo, 
Mord sh. lee Decorativerand Hancyallabricsan..4 asa ae ee 8vo, 
Loring, A. E. A Handbook of the Electromagnetic Telegraph... ..16mo, 
= shinies; (So EneasOsGs WOs 0H) aao0b5-4 cocoqsorusse 16mo, 
Lowenstein, L. C., and Crissey, C. P. Centrifugal Pumps... . (Jn Press.) 
TORS (ColB, CHE DSTA IDES ae spn on eon omonnohduynuneetec he 8vo, 


Power Plants: their Design, Efficiency, and Power Costs. 2 vols. 
(Un Preparation.) 
-—— Power Plant Papers. FormI. The Steam Power Plant.......paper, 
Lunge, G. Coal-tar and Ammonia. Two Volumes................8vo, 
—— Manufacture of Sulphuric Acid and Alkali. Three Volumes... .8vo, 
Wolfe lmm oul piuriceA cldommln it WOLpacls generat re ree tert tne 
Vol. II. Salt Cake, Hydrochloric Acid and Leblanc Soda. In two 


— Technical Chemists’ Handbook.................... 12mo, leather, 
—— Technical Methods of Chemical Analysis. Trans. by C. A. Keane. 
in collaboration with the corps of specialists. 


VO] peter ln tw Or parts stm: senate ie Nae cei cea cera resets 8vo, 
ACLS AWE W aN WORE cote w Oia Gola to Oona, cs OCA ONES erro are ea (Un Preparation.) 
Lupton, A., Parr, G. D. A., and Perkin, H. Electricity as Applied to 
OVE [Ti eee en eee te eRe Rin retone ee rot crete mia Serene 8vo, 

At ers en ee NIeralsLinw ROCK) SECtLONS ste cietlyeiireiseieiisle eierersiere 8vo, 
Mace wetiuaAmeehOOdslnspectionya.. rien tac iacier eicicterrst bette 8vo, 
Mackenzie, N. F. Notes on Irrigation Works......................8V0, 
Mackie, J. How to Make a Woolen Mill Pay..................... 8vo, 


Mackrow, C. Naval Architect’s and Shipbuilder’s Pocket-book. 
r6mo, leather, 
Maguire, Capt. E. The Attack and Defense of Coast Fortifications. . .8vo, 


Maguire, Wm. R. Domestic Sanitary Drainage and Plumbing...... 8vo, 
Mallet, A. Compound Engines. Trans. by R. R. Buel. (Science Series 
INOSSLOs) ee eee ee ree re eee ea Sitele ooo Sahat 16mo, 
Mansfield, A.N. Electro-magnets. (Science Series No. 64.)...... r6mo, 
Marks, E.C.R. Construction of Cranes and Lifting Machinery. ...12mo, 
Construction and Working of Pumps: 73.0... 6.6.6: = I2mo, 
—— Manufacture of Iron and Steel Tubes...................... I2mo, 
— Mechanical Engineering Materials.......................-- I2mo, 
Marks, GCs) Hydraulic Power Pngineering..)...-------.--4----- 8vo, 
‘Inventions, Patents|and Designs..~.......-.-.:s-.+5-+.0.-- I2mo, 
Markham, E.R. The American Steel Worker.................-. I2mo, 
Marlow, T.G. Drying Machinery and Practice................-.-- 8vo, 
Marsh, C. F. Concise Treatise on Reinforced Concrete.............8vo, 


Marsh, C. F., and Dunn, W. Reinforced Concrete................. 4to, 
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Marsh, C. F., and Dunn, W. Manual of Reinforced Concrete and Con- 


crete Block Construction.................... 16mo, morocco, 
Massie, W. W., and Underhill, C. R. Wireless Telegraphy and Telephony. 
12mo, 


Matheson, D. Australian Saw-Miller’s Log and Timber Ready Reckoner. 
12mo, leather, 


Mathot, R. E. Internal Combustion Engines..............----.-- 8vo, 
Maurice, W. Electric Blasting Apparatus and Explosives...........8vo, 
Shot; Firer’s Guides, 9.40 Sn ochaeein Ge eae eee 8vo, 
Maxwell, J.C. Matter and Motion. (Science Series No. 36.)..... 16mo, 
Maxwell, W. H., and Brown, J. T. Encyclopedia of Municipal and Sani- 
tary Engineer ips pe petal ee eater] este ania) eae ede are 4to, 
Mayer,,Aa Ma) Lectire: Notesron Piysicsy. a. aisles ie tie ere 8vo, 
McCullough, R. S. Mechanical Theory of Heat.................- 8vo, 
McIntosh ejG ameecinolopyao fs ile eens ene eee 8yvo, 
Industrial Alcohol. eye eee ee ose ee soar ee 8vo, 
—— Manufacture of Varnishes and Kindred Industries. Three Volumes. 
8vo. 


Voll. Oil Crushing, Refinine andsB oils ore tr ee erie rene 
Vol. II. Varnish Materials and Oil Varnish Making.............. 
VCR 8G iin tw tS ede aera, een ee eR ee SA (In Preparation.) 
McKnight, J. D., and Brown, A. W. Marine Multitubular Boilers...... 
McMaster, J. B. Bridge and Tunnel Centres. (Science Series No. 20.) 


. 16mo, 

McMechen, F. L. Tests for Ores, Minerals and Metals............ I2mo, 
McNeill Be McNeills Code. yee ae 3 eee ee 8vo, 
McPherson, J. A. Water-works Distribution..................... 8vo, 
Melick 3C SW smeDainyLaboratorysGtiide: my eee eter ens ins I2mo, 
Merck, E. Chemical Reagents; Their Purity and Tests............ 8vo, 
Merritt, Wm. H. Field Testing for Gold and Silver.......16mo, leather, 
Meyer, J. G. A., and Pecker, C. G. Mechanical Drawing and Machine 
NDA a Oh ets Aly oe eae ine Se EA Mr Se ne Be Sea en SP 4to 

Michell tS .ga Mine: Dra ina gee mes ee eerie ee, ee 8vo, 
Mierzinski, S. Waterproofing of Fabrics. Trans. by A. Morris and H. 
RoOpSOnt AST ae Arr va ee eN Ney Pico Ss ativan nae acy enna 8vo, 

Miller, E. H. Quantitative Analysis for Mining Engineers.......... 8vo, 
Miller,G. A. Determinants. (Science Series No. 105.)...........16mo, 
Mln oye, Mog Eee Wier Otmesace—tna kin oa ener rent ee rece I2mo, 
Vinnities Wig Mec hia tii Calle D sat wud © eee ee 8vo, 
Mitchell, C. A., and Prideaux, R. M. Fibres Used in Textile and Allied 
Industries fae. cst). kaa bei eee actody: hee kd toe PIE 8vo, 

Modern: Meteorology separ cme rac eet nue eee aa oie shee ei I2mo, 
Monckton, C. C. F. Radiotelegraphy. (Westminster Series.)...... 8vo, 
Monteverde, R. D. Vest Pocket Glossary of English-Spanish, Spanish- 
Hnglishel echnicalylerin saee isi 64mo, leather, 

Moore, E.C.S. New Tables for the Complete Solution of Ganguillet and 
Kutter’s: Formulayj- street nk hese tae ee ee 8vo, 
Moreing, C. A., and Neal, T. New General and Mining Telegraph Code, 8vo, 
Morgan, A. P. Wireless Telegraph Apparatus for Amateurs....... 12m0, 
Moses,-A.)J-ne Lhe Characters of Crystalsymemsen ees ne ane ee 8vo, 


Moses, A. J., and Parsons, C, L. Elements of Mineralogy 


i) 
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Moss, S. A. Elements of Gas Engine Design. (Science Series No.121.)16mo, 0 50 
The Lay-out of Corliss Valve Gears. (Science Series No. 119.).16mo0, 0 50 
Mullin, J. P. Modern Moulding and Pattern-making.............12m0, 2 50 
Munby, A. E. Chemistry and Physics of Buiiding Materials. (Westmin- 
SCCESOCLICS 2 MRO An em eer tein ete ira perce ttn... eneaeen rae La 8vo, *2 00 
Mine Ve (Eo Tele GG aNe, .... coangantoson sone eenanaanas 16mo, I oo 
Murray, J. A. Soilsand Manures. (Westminster Series.).......... 8vo, *2 00 
NACiety Asm Leva Chemistry scepter ae err ieee ieee py ayer wiser 12mo, 2 00 
Nasmith} Jen. Lhe student’s'Cotton spinning )2 2 ...6..-.... 4505. 8vo, 3 00 
Nelson RCNA CTODIANe TEA tents mann ae rrr ane eee 8vo, *2 00 
Nerz Hee oearchlights... (rans, byiC. Rodgers. .j45- a a ie 8vo, *3 00 
Neuberger, H., and Noalhat, H. Technology of Petroleum. Trans. by J. 
GeeMCIntos bt eet n ye eee tae oe te cea nd eet em ee, 8vo, *10 00 
Newall, J. W. Drawing, Sizing and Cutting Bevel-gears............8vo, 1 50 
Newlands, J. Carpenters and Joiners’ Assistant......folio, half morocco, 15 00 
Nicol, G. Ship Construction and Calculations..................... 8vo, *4 50 
Nipher BS Ha) Theory of Magnetic Measurements.......2 02. 9-22-1210," 100) 
Nisbet, HemaGrammar of LextileDesipnee . eee. cee oe 8vo, *3 00 
Nolan, H. The Telescope. (Science Series No. 51.)..............16m0, 0 50 
NOL PATS RELOW. COuW ire WildIN SS et. meet tceee eis Chita ges prea cie mea 2011 O Wee TSO 
INeGrentmb perks ea tise Ol. OptiCSnaqver sia series Jeanie te ania et ee I2mo, I 50 
O’Connor, H. The Gas Engineer’s Pocketbook........... 12mo, leather, 3 50 
ee CLLOLMALT GAS i cet. Suck pae see et ois came ee eee pl afer Sieh ne peet2m0, eto 175 
Ohm, G. S., and Lockwood, T. D. Galvanic Circuit. Translated by 
William Francis. (Science Series No. 102.)............. 16mo0, 0 50 
Olsson, A. Motor Control, in Turret Turning and Gun Elevating. (U.S. 
Na viva ethical Seriesyn NO sal) eyeing ee I2m0, paper, *o 50 
Olsen, J. C. Text-book of Quantitative Chemical Analysis..........8vo, *4 oo 
Oudin, M. A. Standard Polyphase Apparatus and Systems..........8vo, *3 oo 
Palaz, A. Industrial Photometry. Trans. by G. W. Patterson, Jr...8vo, *4 00 
Pamelya@om Colliery: Manager's) Handbook.) 7.2.00. 4-9 2 8vo, *10 00 
Parr, G. D. A. Electrical Engineering Measuring Instruments...... 8vo, *3 50 
Parry, E. J. Chemistry of Essential Oils and Artificial Perfumes....8vo, *5 oo 
Parry be ).,and Coste, J..t. Chemistry of Pigments: (7.720)... <8 8vo, *4 50 
Parry, L. A. Risk and Dangers of Various Occupations...... a MRE 8vo, *3 00 
Parshall, H. F.,and Hobart, H.M. Armature Windings............ 4to, *7 50 
Pee ICCIiCN al Way UP INCeL ING aerial it eee era ie 4to, *ro0 oo 
Parshall, H. F., and Parry, E. Electrical Equipment of Tramways... .(/n Press.) 
Ranconomom lame allean les Cast [x00 teeter tert ei: ae a 8vo, *2 50 
Passmore, A. C. Technical Terms Used in Architecture............ 8vo, *3 50 
Patterson, D. The Color Printing of Carpet Yarns.................8v0, *3 50 
Een (OO OL Vat c Hino On Ml CXS meta tere eae ouster: «gry tiers eiomr sets eee. 8vo, *3 00 
eT He SCVelICE LOL: COLOLPMELRIN DY ieegso ofeie ie syersinis) Se 12) cays else wt oa 8vo, *3 00 
Patton, H. B. Lecture Notes on Crystallography.................. 8vo, *1 25 
Paulding, C. P. Condensation of Steam in Covered and Bare Pipes. .8vo, *2 00 
__— Transmission of Heat through Cold-storage Irisulation.......12m0, *1 oo 
Peirce, B. System of Analytic Mechanics......................... 4to, 10 00 
Pendred, V. The Railway Locomotive. (Westminster Series.)..... 8vo, *2 00 
*I 00 


Perkin, F. M. Practical Methods of Inorganic Chemistry......... 12mo, 
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Perrigo, O..E> Change Gear. Dévicess: acs some oe ee ore 8vo, I 00 
Perrine, F, A.C. Conductors for Electrical Distribution: «1-5 +>. 2eu OVO, 3 50 
Petit,;Gs ) White Lead and/Zine White Paints... ee eee 8vo, *1 50 
Petit, R. How to Build an ee Trans. by T. O’B. Hubbard, and 
cei Dedeboersenert nonin eh ie ea ee ie eee 8vo, *1 50 
Pettit, Lieut. J.S. Graphic Processes. (Science Series No. 76.)...16m0, 0 50 
Berrys) eu Applied Mecham CS iirc caneyee reset ees ape eet arte ere 8vo, *2 50 
Philbrick, P. H. Beams and Girders. (Science Series No. 88.)...16mo, 
Phillipsy.|seeeneineerims Chemistry: osc oe eee ee ee eee 8vo, *4 50 
Gold Assayinte i elise otra Wie oe tee tees ein re eke Soke ee 8vo, *2 50 
= Dangerous: Goodssieited me sake a eeerreyaoiets os Her earns Cee aetepie 8vo, 3 50 
Phin, J. Seven Follies of Science. . bron: oats eevee he I2mo, _ *1 25 
Household Pests, and How to Get Rid ‘of Them . ..8vo (In Preparation.) 
Pickworth, C.N. The Indicator Handbook. Two Volinces. .I2m0, each, 1 50 
Pocanithms for Begminers anne pee ayes et 12mo, boards, 0 50 
FL MEISUOCLR ULE ae uel header sae oe ass OPN sistas eee I2mo, I oo 
Plane slables The een. Loses ce te Bele wm eae eM eae Cores pee 8vo, 2 00 
Plattner’s Manual of Blow-pipe Analysis. Eighth Edition, revised. Trans. 
bysH. (Bu Cormwall’icepts ie cee. ester ag oie. cee eee 8vo, *4 00 
Plympton, G. W. The Aneroid Barometer. (Science Series No. 35.) 16mo, 0 50 
— How to become an Engineer. (Science Series No. 100.)......16m0, 0 50 
Van Nostrand’s Table Book. (Science Series No. 104.).......16mo0, 0 50 
Pochet, M. L. Steam Injectors. Translated from the French. (Science 
SerlesuNow20cs eee eee 4 DEG ae eee Meer ge Be 16mo, 0 50 
Pocket Logarithms to Four Places. (Science Series No. 65.).......16mo, 0 50 
leather, 1 00 
Pope, F. L. Modern Practice of the Electric Telegraph. . 22 AeOVO. EEO 
Popplewell, W. C. Elementary Treatise on Heat and Heat Eevee .I2mo0, *3 00 
ae Dre VeEntion! Of 511 0 ke harcge nate citer ea reel cee oc ee 8vo, *3 50 
aa OLrenp th. Of Materialswcme ante Met eke tein. ie ee ee 8vo, *1 75 
Potter: Top Concrete sack ae tem a ne Pie ne eae: YL Se IEE ee 8vo, *3 00 
Practical Compounding of Oils, Tallow and Grease................. 8vo, *3 50 
Practical tronbhoundin gipyarr.. ei ane ae eee os ioe eee ee 12m0;) 92.50 
Pray, Unt) Lwenty eats withatheindicatons...9s 24.) eee SVO; Eso 
Steam) fablesiand Bngine Constant.22-- ee oe. ee OVO, EOO 
cee Colorimetersables Seep cir eee ee ee ree. eee ane 8vo, I 00 
PLeece, Wattle EeCthicn a nup s.r hee ene eee toes (In Press.) 
Prelini;\C.” Earth and Rock Excavations)... .-....12..-.-.4;... OVO). 300 
Graphical Determination of Earth Slopes.....................8vo0, *2 00 
aaa UnNeling tee. saree ee sate atte ene ER Bhs 8vo, 3 00 
—7- Dredging a. AePractical lreatise sm. 040 eee ee em La Tes oa) 
Prescott, Ay bee ONreanicnA aly SiS snes eit ene yee ee 8vo, 5 00 
Prescott, A. B., and Johnson, O.C. Qualitative Chemical Analysis...8vo, *3 50 
Prescott, A. B., and Sullivan, E.C. First Book in Qualitative Chemistry. 
I2mo, *I 50 
Pritchard, O.G. The Manufacture of Electric-light Carbons. .8vo, paper, *o 60 
Prost, E. Chemical Analysis of Fuels, Ores, Metals. Trans. by J. C. 
Smithy eee eee te Rae ee ae Matt aga, Aa 8vo, *4 50 
Pullen, W. W. F. Application of Graphic Methods to the Design of 
Structures Ne Rye ee ee ba eR Ce epee CER 12mo, *2 50 
——— Injectors: Theory, Construction and Working............... 12mo, *z 50 
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Pulsifer, W. H. Notes for a History of Lead......................8v0, 
Ur Chase Woy ame NLASOLIIy Sea eeewtie yo sr hee een 20). sss seus ts one 12mo, 
me tsch wAsmGasrand:Coal-dust iting ans seers aliens ease 8vo, 
Pynchon, T. R. Introduction to Chemical Physics.................8vo, 


Rafter G. W. Mechanics of Ventilation. (Science Series No. 33.).16mo, 


—— Potable Water. (Science Series No. 103.).-................ 16mo, 
-—— Treatment of Septic Sewage. (Science Series No. 118.)...... r6mo, 
Rafter, G. W.,and Baker, M.N. Sewage Disposal in the United States. 4to, 
Raikes whee meceware: Disposal Workseac) cee oa. 0 oe he rea ae 8vo, 
Railwayasnopul p-to-Da ten ieecn seta kta clea ees ee oe oe ee 4to, 
ewan eh Wh, Uoyebabayl ee nor. woop ado nondaoounouguls (Un Press.) 
Randall, P. M. Quartz Operator’s Handbookw.................. I2mo, 
Randal >see naimels and Hnamellingumenwe eyelash ais tate aes 8vo, 
Rankine mW |e Applied Mechanicste..- es ciacn nici cesta 8vo, 

CiviltEn cinieerin gap ces oe eOl tie ce een eee ore eee 8vo, 
=a Machinery;and: Millwotkecnas. «alee ser ce tect eee Ss 8yo, 
Rankine, W. J. M. The Steam-engine and Other Prime Movers.....8vo, 
—— Useful’ Rules and Tables’............. Been hat Se ahs eee 8vo, 


Rankine, W. J. M., and Bamber, E. F. A Mechanical Text-book....8vo, 
Raphael, F. C. Localization of Faults in Electric Light and Power Mains. 


8vo, 

Rathbone wha. bas Ol plen)] ewelletvamermmnie cie see eae cies arteries 8vo, 
Rateau, A. Flow of Steam through Nozzles and Orifices. Trans. by H. 
IB SBSry.d Oli etees amb eeeen emer rc Sse cymine susie ty A thetic eet en So ete 8vo, 
Rausenberger, F. The Theory of the Recoil of Guns...............8vo, 


Rautenstrauch, W. Notes on the Elements of Machine Design, 8vo, boards, 
Rautenstrauch, W., and Williams, J. T. Machine Drafting and Empirical 


Design. 
Parte. Machine Dratting cme se es eee oisa) tele ahere chen seam 9 ak 8vo, 
DAT pa emne Et pit CALED)ESIe Ils eaten ert ene faye melon te (In Aiea 
‘Raymond, E. B. Alternating Current Engineering. . oe .12m0, 
Rayner, H. Silk Throwing and Waste Silk nanan .8vo, 
Recipes for the Color, Paint, Varnish, Oil, Soap and iirreatiees Tradex: 8vo, 
Recipes or ulinty GlasceMa lite aeetenetet oe a. catty erete brie leeetecw r2mo, 
Redwood, B. Petroleum. (Science Series No. 92.).............. 16mo, 
Reed: seb noimecrsy Eland DOO ya sare vented sis: ie MgSO es ae cue tsa ehene reap 8vo, 
Key to the Nineteenth Edition of Reed’s Engineers’ Handbook. .8vo, 
—— Useful Hints to Sea-going Engineers....................... r12mo, 
ae aMAtines DOleTsse ermine tation A ores hte le saath sree wan tolets posh I2mo, 


Reinhardt, C. W. Lettering for Draftsmen, Engineers, and Students. 
oblong 4to, boards, 


—— The Technic of Mechanical Drafting............ oblong 4to, boards, 
Reiser, F. Hardening and Tempering of Steel. Trans. by A. Morris and 

ELS RODSOD epi sameeren co. ssh eaccns es ia sine er eaiains 12mo, 
Reiser, N. Faults in the Manufacture of Woolen Goods. Trans. by A. 

MOLtis an dellseR OOSONt parte wid tere ceeds sate chats wetted a sieee 8vo, 
—— Spinning and Weaving Calculations......................... 8vo, 
Renwick, W.G. Marble and Marble Working.................... 8vo, 


Reynolds, O., and Idell, F. E. Triple Expansion Engines. (Science 
Series NO09;))2...0-. « Pn EE Te ae OE at oe elvan ee 16mo, 
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Rhead, G. F. Simple Structural Woodwork..................... I2mo, 
Rice, J. M., and Johnson, W. W. A New Method of Obtaining the Differ- 
Satie Of Functions) vedav scot: ake ee eee Eh ee eee I2mo, 
Richardson, J. The Modern Sted Basing io A Ete rey A eee 8vo, 
Richardson, S.S. Magnetism and Electricity....................12m0, 
Rideal .onmeGlive,and (Gltieskecstitto ere steerer tia eterna mene ee 8vo, 
Rings, He) Concrete'in’ Theory and Practice. js m.mect pe eee er I2mo, 
Ripper, W. Course of Instruction in Machine Drawing.......... . . folio, 
Roberts, F.C. Figure of the Earth. (Science Series No. 79.)..... 16mo, 
Roberts, J., Jr. Laboratory Work in Electrical Engineering....... 8vo, 
Robertson, )., 5.0 a ater-tube BOilense: c= ene ee nie ae 8vo, 
Robinson, J. B. Architectural Composition. . ; te tO MOs 
Robinson, S. W. Practical Treatise on the Teeth of Wheels: (Science 
Series NOS2A 2) aie ke is. cuties car ola aaa ee eee 16mo, 

—— Railroad Economics. (Science Series No. 59.)............. r6mo, 
Wrought Iron Bridge Members. (Science Series No. 60.)..... 16mo, 
Roebling, J. A. Long and Short Span Railway Bridges........... folio, 
Rogers, A. A Laboratory Guide of Industrial Chemistry..........12mo, 
Rogers, A., and Aubert, A. B.. Industrial Chemistry......... (In Press.) 
Rogers, F. Magnetism of Iron Vessels. (Science Series No. 30.)..16mo, 
LeMay Iba Vike: NOSSO. tants soa dost enn Nowposse voc gnc eS ore = 8vo, 
Rose; |ceelhe Patteru-makers) Assistant.) ase cise se eles oe eee 8vo, 
Key to Engines and Engine-running....................... I2mo, 
Rose, T. K. The Precious Metals. (Westminster Series.)......... 8vo, 
Rosenhain, W. Glass Manufacture. (Westminster Series.)....... 8vo, 
Ross, W. A. Plowpipe in Chemistry and Metallurgy..............12mo0, 


Rossiter, J. T. Steam Engines. (Westminster Series.)....8vo (Jn Press.) 


Roth yePhysical(Chemistrya. ieee See eran eee rs ae eee 8vo, 
Rouillion, L. The Economics of Manual Training................ 8vo, 
Rowan, F. J. Practical Physics of the Modern Steam-boiler........ 8vo, 
Rowan, F. J., and Idell, F. E. Boiler Incrustation and Corrosion. 
(Science :SeriestING: 2'7:)\ v2 aa oe ele eee eee r6mo, 
Roxpurch aVWiemGeneral Houndhys- eta ctice aera seine ere tern 8vo, 
Ruhmer, E. Wireless Telephony. Trans. by J. Erskine-Murray....8vo, 
Russell, A. Theory of Electric Cables and Networks............... 8vo, 
Sabine, R. History and Progress of the Electric Telegraph........12mo0, 
Sacltzer, wArme reatise Ol ACOUSTICS smi. mr reheat eerie ee I2mo, 
Salomons, D. Electric Light Installations. t2mo. 
Vol. I. The Management of Accumulators.................. Soe 
Vole (Apparatus es erriien asso meters renee. Wicmers amc nsme aren eee 
VOLLLE a Applicationsic. 1.05 aro siren bare oii e eiiece tren eee te ee 
Santordsab2 Gree Nitr0-exXPlLOSI Ves .mieeieeea a ace ieee ate tee renee a eee 8vo, 
Saunders, C. H. Handbook of Practical Mechanics.............. r6mo, 
leather, 
Sallimier Co mW arching kerr bandh OO Kee t ier ner neees ene ane I2mo, 
Sayers, Ho Mo brakesifor, lrain\ Carcaaeee re tein erin etnies 8vo, 
scheeley Caw. c lem icali scaly chaste aati ien tena ee 8vo, 
Schellen, H. Magneto-electric and Dynamo-electric Machines....... 8vo, 


Scherer; emCaselt. Lrans. Dy. C. caltet. jennie te crea nee 8vo, 


Pumps and Pumping Machinery. (Westminster Series.)..8vo (In Press.) 


00 
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Schmall, C. N. First Course in Analytic Geometry, Plane and Solid. 
12m0, half leather, 
Schmall, C. N., and Shack, S. M. Elements of Plane Geometry... .12mo0, 


SOMMeer wos meLlowsOls Watch een te oe oe wh, oe oe eee: 8vo, 
Schumann, F. A Manual of Heating and Ventilation... ... r12mo, leather, 
ScliwarzHa Eble CausaliGeoloryaacncas..e ess ssse cece nes eee 8vo, 
SCUWEIZEr a VemDistillaiOeOrkesing a wenn Le aa ain yee een 8vo, 
Scott, W. W. ‘Qualitative Analysis. A Laboratory Manual..........8vo, 


Scribner, J. M. Engineers’ and Mechanics’ Companion . ..16mo, leather, 
Searle,G. M. ‘“ Sumners’ Method.’? Condensed and Improved. (Science 


DELIESRNO MAA. ran RRR ae Re Tecan? Can che tinea 16mo, 
Seaton, A. E. Manual of Marine Engineering. . : .8v0, 
Seaton, A. E., and Rounthwaite,H. M. Pocket- book of Marine Farineer 
Vey daicha ls Grellinitened PcRatiad ce adehtiet On ae an ok nee 16mo, leather, 
Seeligmann, T., Torrilhon, G. L., and Falconnet, H. India Rubber and 
Gutta Percha. Trans. by J. G. McIntosh.................8vo, 
Seidell, A. Solubilities of Inorganic and Organic Substances........ 8vo, 
Sellewamwierllsmesceel Ralls serrermte ate eeeteys eee” catecnn se 4to (In Press.) 
Senter,G. Outlines of Physical Chemistry...................... I2mo, 
Sever, G. F. Electric Engineering Experiments............ 8vo, boards, 
Sever, G. F., and Townsend, F. Laboratory and Factory Tests in Electrical 
IEDPATIC ELIMO NMR hey d eet aot pee Dy eninie aele etaareee ee 8vo, 
Newall wwe Wireless: delegraphysmati.cr.iciets solar te els & lseheie were 8vo, 
Lessons | elegraphiyan. saan Se ae ieee otis alesis sie ere Heche ere I2mo, 
Sewell, T. Elements of.Electrical Engineering..............:..... 8vo, 
here Onsit UChONUOT: Dy MATOS wen naag- ta Priee cise teks eiteie eerste 8vo, 
Sexton, A. H. Fuel and Refractory Materials................... I2mo, 
Chemistry of the Materials of Engineering................ -I2mo0, 
mA Oven (NOM HETLOUS) er mitten ate teeny eer cselohs ie icistets wes >: cueletche 8vo, 
—— The Metallurgy of Iron and Steel........................... 8vo, 
Sev OUMTA mee EracticalLithorraph yeni acted) eyelet teistclenersi ti it 8vo, 
Modern Printinpolnks erga gcse erate |e Maeaer ot aera sersists eta neh 8vo, 
Shaw, Henry S. H. Mechanical Integrators. (Science Series No. 83.) 
r6mo, 
Shaw, P. E. Course of Practical Magnetism and Electricity.........8vo, 
Shawaceme Hustotry of the) cotati ordshire Potteriesa).. 0 a.se)n na 8vo, 
—— Chemistry of Compounds Used in Porcelain Manufacture...... 8vo, 
Sheldon, S., and Hausmann, E. Direct Current Machines.......... 8vo, 
Sheldon, S., Mason, H.,and Hausmann, E. Alternating-current Machines, 
8vo, 
Singiase, 18. (Caen, Abe yes SENSIS. bs cook ccosoocnoooeseus 8vo, 
Sherri peesh es OmllMerchantsy Manually rit) tieiis «(ies ten me I2mo, 
Shields, J. E. Notes on Engineering Construction............... rI2mo, 
ShockemVV ir cusmoten tie 6 Oller mere tel ee wre )erhe - 4to, half morocco, 
Shreveso, deestrength of Bridges and) Roofs’). 2.2 4.....-..- 8vo, 
ShunkweWin bend be ield i npincer ema ssn vette I2m0, morocco, 
Simmons, W. H., and Appleton, H. A. Handbook of Soap Manufacture. 
8vo, 
Simms, F. W. The Principles and Practice of Leveling.............8vo, 
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ELECTRICAL Foster’s Pocketbook is the 


qmmmmmmms Completely Revised Emam busy engineer’s first assistant. 


ENGINEERS When he wants really reliable 


information, he turns to Fos- 


pmmeeees and Enlarged eee , 
ter to get it for him, and he 


POCKET BOOK gets it. Foster places before 
© 1600 pp. 1128 Ill. 718 Table ems him data on the latest and 

best practice in electrical 
engineering with a minimum expenditure of 
time and effort. 

The material in Foster is logically arranged 
and is indexed in a full table of contents and 
a voluminous index that alone covers sixty pages, 
and to this is added a set of patent thumb index 
tabs that make reference to any section of the 
book practically instantaneous. The index is 
most thorough and reliable. It points right to 
the spot where the information sought is. 

If you ever need information on electricity, 
you ought to have a copy of the new Sixth 
Edition, completeiy revised and enlarged, with 
four-fifths of the old matter replaced by new, 
up-to-date material, and containing ail the ex- 
cellent features named above, with 1,636 pages, 
1,128 illustrations and 718 tables. The price is 
$5.00. 


CIVIL Nearly 
ENGINEERS’ |F***! 
POCKETBOOK 


By ALBERT I. FRYE, M. Am. Soc. C. E. 


COMPREHENSIVE treatment of Civil Engineering, in seventy 


sections, comprising about 1,400 pages; with 500 tables and 
1,000 illustrations. Also a complete glossary of engineering terms. 

Each main subject receives economic consideration and analysis, and 
is reforced with excerpts from, and references to the most important 
cost and other data in our leading technical publications—aincluding 
hundreds of illustrations of up-to-date engineering structures and details. 

“How to design engineering structures economically” has received 
careful study in the preparation of this work. “The fundamental pmn- 
ciples laid down can be followed readily by every young engineer, and 
carried to practical completion in the finished structure. 

Most of the tables are new and have been prepared regardless of 
time and expense. Many of them have been arranged in a novel 
manner which will appeal especially to engineers; and all have been 
carefully checked and rechecked to eliminate the possibility of errors. 

Graphical methods have been illustrated freely throughout the work, 
in connection with analytical solutions. 

Methods and cost of work have received special attention; and, thus, there 
is crowded into the 1,400 pages of text, in small type and in pocketbook 
form, avast amount of engineering data, formulas and tables, that will be 
found absolutely indispensable to every engineer, contractor and student. 
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